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©  Method  and  apparatus  for  controlling  working  machines  of  a  power  shovel. 

©  A  technique  relating  to  automatic  excavation  by  a  power  shovel  is  disclosed.  An  ideal  reference  locus  of 
movement  of  a  front  edge  of  a  bucket  is  approximated  by  a  plurality  of  points,  positions  of  the  plurality  of  points 
and  postures  of  the  bucket  at  these  points  are  previously  set.  If  the  start  of  automatic  excavation  is  assigned  by 
an  operation  pedal  (10)  or  the  like,  the  position  of  the  front  edge  of  the  bucket  at  the  assigned  moment  is  made 
a  position  to  start  excavation.  The  positions  of  the  plurality  of  points  set  relative  to  a  vehicle  are  calculated  for 
each  of  excavation  sections  divided  by  the  plurality  of  points  according  to  the  position  to  start  excavation,  and 
angles  of  rotation  of  respective  working  machines  needed  to  move  the  front  edge  of  the  bucket  to  the  calculated 
position  and  to  set  the  bucket  to  the  posture  of  the  bucket  set  are  calculated  for  each  of  the  excavation  sections, 

Q  and  the  respective  working  machines  are  automatically  driven  making  the  calculated  angles  of  rotation  target "   angles  of  rotation  for  each  excavation  section.  The  bucket,  an  arm  and  a  boom  are  thereby  automatically 
controlled  so  that  the  front  edge  of  the  bucket  moves  along  the  ideal  reference  locus  of  movement  set  and  the 

00  bucket  has  the  ideal  posture  set  by  simple  operations.  Thus,  it  is  intended  to  improve  operation  efficiency.  After 
terminating  excavation,  dropping  of  load  is  reduced  by  automatically  driving  the  bucket  so  that  the  bucket  is 

N  always  horizontally  maintained  in  accordance  with  manual  operation  of  the  arm  and  boom. 
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Technical  Field 

This  invention  relates  to  a  technique  relating  to  automatic  excavation  by  a  power  shovel  which  has  a 
bucket,  an  arm  and  a  boom  as  working  machines. 

5 
Background  Art 

As  is  well  known,  a  power  shovel  has  a  bucket,  an  arm  and  a  boom  as  working  machines,  which  are 
driven  by  a  bucket  cylinder,  an  arm  cylinder  and  a  boom  cylinder,  respectively,  in  order  to  move  the  bucket 

io  in  desired  locus  and  posture,  it  is  indispensable  to  simultaneously  control  expansion  and  contraction  of  the 
respective  cylinders. 

Accordingly,  in  order  to  move  the  bucket  in  desired  locus  and  posture,  the  operator  must  simulta- 
neously  or  alternately  operate  respective  operation  levers  corresponding  to  the  bucket,  arm  and  boom. 
Hence,  skill  is  needed  for  their  operation. 

75  An  inexperienced  operator  causes  increase  in  unnecessary  resistance  against  excavation  by,  for 
example,  not  directing  the  front  edge  of  the  bucket  in  the  direction  of  movement,  or  by  making  the  base 
plate  of  the  bucket  interfere  with  an  excavated  surface  after  excavation. 

On  the  other  hand,  there  have  been  proposed  various  kinds  of  apparatuses  for  controlling  power 
shovels  in  which  a  moving  locus  (for  example,  a  straight  line,  a  circular  are  or  the  like)  of  the  front  edge  of 

20  the  bucket  and  the  posture  of  the  bucket  for  the  locus  have  previously  been  set,  and  the  bucket,  arm  and 
boom  are  automatically  controlled  so  that  the  front  edge  of  the  bucket  moves  along  the  locus. 

However,  these  conventional  automatic  excavating  apparatuses  are  in  general  for  finishing  operation. 
Very  few  apparatuses  aim  at  excavating  and  loading  operations,  Furthermore,  apparatuses  for  excavating 
and  loading  operations  are  still  incomplete  from  the  viewpoint  of  operation  efficiency,  operation  capability, 

25  time  required  for  excavation,  and  the  like.  Hence,  the  relating  technique  is  still  immature  for  being  used  in 
an  actual  apparatus. 

Furthermore,  in  conventional  apparatuses,  the  speed  of  working  machines  at  the  moment  of  an 
automatic  mode  is  fixed.  No  appratuses  have  existed  in  which  the  speeds  of  working  machines  can  be 
arbitrarily  changed  by  a  simple  operation. 

30  Moreover,  in  conventional  apparatuses,  the  locus  of  excavation  is  fixed.  Hence,  there  is  a  problem  in 
that,  even  when  a  bucket  hits  hard  earth  and  sand,  an  obstacle  and  the  like  in  the  course  of  excavation,  the 
bucket  intends  to  move  along  an  excavation  locus  which  has  previously  been  set,  and  as  a  result,  relief  loss 
occurs,  and  efficiency  is  therefore  reduced. 

In  addition,  conventional  apparatuses  are  more  or  less  unsatisfactory  from  the  viewpoint  of  efficient 
35  utilization  of  pump  output.  That  is,  in  conventional  apparatuses,  commands  for  flow  rates  for  respective 

working  machines  are  obtained  by  obtaining  the  distribution  ratio  of  the  flow  rate  of  a  pump  for  respective 
working  machines  according  to  angles  of  rotation  needed  for  respective  working  machines,  and  by 
distributing  the  flow  rate  of  the  pump  determined  from  actual  pump  pressure  in  the  distribution  ratio.  In 
general,  oil  supplied  from  a  pump  tends  to  flow  toward  a  working  machine  having  small  load.  In 

40  conventional  apparatuses,  the  values  of  commands  for  flow  rates  calculated  from  the  above-described 
distribution  ratio  are  input  to  respective  working  machines  without  modification.  Hence,  oil  flows  to  a  working 
machine  having  small  load  in  the  amount  which  is  more  than  the  amount  corresponding  to  the  command  for 
the  flow  rate,  and  oil  flows  to  a  working  machine  having  large  load  in  the  amount  which  is  less  than  the 
amount  corresponding  to  the  command  for  the  flow  rate.  As  a  result,  oil  is  not  exactly  distributed  in 

45  accordance  with  the  distribution  ratio.  Actual  flow  rates  of  oil  for  respective  working  machines  are 
determined  according  to  relative  movement  between  a  pump  and  valves  for  working  machines,  and  oil  does 
not  flow  exactly  in  the  amount  corresponding  to  the  values  of  commands  for  respective  working  machines. 
Hence,  the  actual  values  of  flow  rates  become  smaller  than  the  sum  of  the  values  of  commands  for  flow 
rates  for  respective  working  machines.  As  a  result,  relief  loss  and  loss  in  pump  energy  are  produced,  and 

50  time  for  excavation  therefore  increases. 
The  present  invention  has  been  made  in  consideration  of  such  circumstances. 
It  is  an  object  of  the  present  invention  to  provide  a  method  and  an  apparatus  for  cotrolling  working 

machines  of  a  power  shovel  in  which  the  working  machines  are  automatically  controlled  so  as  to  perform 
the  most  suitable  operation  for  excavation  by  a  simple  operation,  and  efficiency  for  excavating  and  loading 

55  operation  can  be  improved. 
It  is  a  further  object  of  the  present  invention  to  provide  a  method  and  an  apparatus  for  controlling 

working  machines  of  a  power  shovel  in  which  automatic  excavation  can  be  performed  in  the  most  suitable 
posture  and  locus  of  a  working  machine  by  a  simple  operation  of  an  operation  pedal,  operation  efficiency  is 
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therefore  improved,  and  the  speeds  of  working  machines  can  be  arbitrarily  changed  in  accordance  with  the 
tread  angle  of  the  operation  pedal. 

It  is  a  still  further  object  of  the  present  invention  to  reduce  relief  loss  by  correcting  a  locus  which  has 
been  set  in  accordance  with  actual  load,  and  to  enable  to  perform  excavation  of  an  always  constant  amount 

5  of  each  even  when  the  locus  has  been  corrected. 
It  is  still  another  object  of  the  present  invention  to  provide  an  apparatus  for  controlling  working 

machines  of  a  power  shovel  in  which  excavation  efficiency  is  improved  by  driving  the  working  machines 
effectively  utilizing  pump  output. 

io  Disclosure  of  the  Invention 

According  to  one  aspect  of  the  present  invention,  there  are  provided  automatic  mode  assigning  means 
for  assigning  an  automatic  mode,  an  automatic  mode  start  detection  means  for  detecting  a  moment  to  start 
excavation  by  the  automatic  mode,  angle  detection  means  for  detecting  an  angle  of  a  bucket,  an  angle  of 

is  an  arm  and  a  angle  of  a  boom,  first  arithmetic  means  for  taking  in  values  detected  by  the  angle  detection 
means  at  the  moment  to  start  excavation  according  to  an  output  from  the  automatic  mode  start  detection 
means  and  for  obtaining  the  position  of  a  front  edge  of  the  bucket  relative  to  a  vehicle  according  to  the 
detected  values,  second  arithmetic  means  for  previously  setting  a  reference  locus  of  movement  of  the  front 
edge  of  the  bucket  approximated  by  a  plurality  of  points  and  respective  postures  of  the  bucket  when  the 

20  front  edge  of  the  bucket  is  situated  at  the  plurality  of  points,  for  calculating  a  position  relative  to  the  vehicle 
for  each  of  the  plurality  of  points  which  have  been  set  position  by  position  for  each  of  excavation  sections 
divided  by  the  plurality  of  points  according  to  the  positions  to  start  excavation  obtained  by  the  first 
arithmetic  means  and  for  calculating  an  angle  of  rotation  of  the  bucket,  an  angle  of  rotation  of  the  arm  and 
an  angle  of  rotation  of  the  boom  needed  to  move  the  front  edge  of  the  bucket  to  the  calculated  position  and 

25  to  set  the  bucket  to  the  posture  of  the  bucket  which  has  been  set  for  each  proper  point  for  each  of  the 
excavation  sections,  third  arithmetic  means  for  obtaining  a  distribution  ratio  of  flow  rates  of  pressurized  oil  to 
be  supplied  to  respective  working  machines  for  each  of  the  excavation  sections  according  to  the  angle  of 
rotation  of  the  bucket,  the  angle  of  rotation  of  the  arm  and  the  angle  of  rotation  of  the  boom  calculated  for 
each  of  the  excavation  sections  and  for  calculating  and  outputting  commands  for  flow  rates  for  the 

30  respective  working  machines  according  to  a  flow  rate  of  a  pump  obtained  from  the  pump  pressure  detected 
by  the  pressure  detection  means  and  the  distribution  ratio  obtained,  excavation  section  end  detection 
means  for  detecting  a  moment  when  the  angle  of  the  arm  reaches  a  target  arm  for  each  of  the  excavation 
sections  according  to  an  output  from  the  angle  detection  means  and  for  moving  the  arithmetic  control  by 
the  second  and  third  arithmetic  means  from  arithmetic  control  for  a  proper  excavation  section  to  the 

35  arithmetic  control  for  the  next  excavation  section  at  the  moment  of  the  detection,  switching  means  for 
outputting  respective  commands  for  flow  rates  output  from  the  third  arithmetic  means  in  place  of  manual 
commands  giving  priority  to  manual  commands  when  the  automatic  mode  has  been  assigned  by  the 
automatic  mode  assigning  means,  and  automatic  excavation  end  detection  means  for  detecting  the  end  of 
automatic  excavation  by  the  automatic  mode. 

40  According  to  such  a  configuration  of  the  present  invention,  if  the  automatic  mode  is  selected  by  the 
automatic  mode  assigning  means  after  the  front  edge  of  the  bucket  has  been  moved  to  the  position  to  start 
excavation  by  a  manual  operation,  the  start  of  excavation  is  detected  by  the  automatic  mode  start  detection 
means.  Subsequently,  the  bucket,  arm  and  boom  are  automatically  controlled  so  that  the  front  edge  of  the 
bucket  moves  along  the  reference  locus  of  movement  which  has  been  set  and  the  bucket  has  the  posture 

45  set  at  the  plurality  of  points  on  the  reference  locus  of  movement.  That  is,  the  position  to  start  excavation  is 
obtained  from  the  value  detected  by  the  angle  detection  means  at  the  moment  to  start  excavation,  and  a 
coordinate  of  the  next  target  position  along  the  locus  of  movement  which  has  been  set  relative  to  the 
vehicle  is  obtained  from  the  position  to  start  excavation.  The  angle  of  rotation  of  the  bucket,  the  angle  of 
rotation  of  the  arm  and  the  angle  of  rotation  of  the  boom  needed  to  set  the  bucket  to  the  posture  set  at  the 

50  next  target  position  and  to  move  the  front  edge  of  the  bucket  from  the  position  to  start  excavation  to  the 
next  target  position  are  obtained.  The  distribution  ratio  of  flow  rates  of  pressurized  oil  to  be  supplied  to 
respective  working  machines  is  further  obtained  from  these  angles  of  rotation  which  have  been  obtained. 
The  value  of  the  flow  rate  of  the  pump  for  the  working  machines  is  then  obtained  from  a  predetermined 
relationship  which  has  previously  been  set  between  the  pump  pressure  and  the  flow  rate  of  the  pump  and 

55  actual  pump  pressure,  commands  for  flow  rates  for  the  respective  working  machines  is  calculated  by 
distributing  the  flow  rate  of  the  pump  in  the  above-described  distribution  ratio,  and  the  commands  for  flow 
rates  are  output  to  the  respective  working,  machines.  The  control  for  each  excavation  section  is  terminated 
when  the  angle  of  the  arm  reaches  the  target  arm,  and  the  control  moves  to  the  next  excavation  section. 

4 
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Such  control  is  repeated  until  the  end  of  automatic  excavation  is  detected.  Priority  is  always  given  to 
manual  operation  during  automatic  excavation. 

Hence,  according  to  the  present  invention,  completely  automatic  excavation  control  along  a  locus  of 
excavation  for  excellent  operation  efficiency  becomes  possible  by  a  simple  operation  of  automatic  mode 

5  assigning  means,  such  as  an  operation  pedal,  an  operation  button  or  the  like.  Furthermore,  since  the  control 
of  working  machines  is  performed  so  that  resistance  against  excavation  is  small,  no  dropping  of  load  occurs 
and  the  output  of  a  pump  is  effectively  utilized  at  the  moment  of  excavation,  it  is  possible  to  intend 
improvement  in  operation  efficiency  and  shortage  of  time  for  excavation. 

According  to  another  aspect  of  the  present  invention,  a  reference  locus  of  movement  of  a  front  edge  of 
io  a  bucket  approximated  by  a  plurality  of  points  and  respective  postures  of  the  bucket  when  the  front  edge  of 

the  bucket  is  situated  at  these  plural  points  have  previously  been  set,  and  there  are  provided  an  operation 
pedal  for  assigning  the  selection  of  an  automatic  mode  and  a  moment  to  start  excavation,  tread  angle 
detection  means  for  detecting  a  tread  angle  of  this  operation  pedal,  angle  detection  means  for  detecting  an 
angle  of  the  bucket,  an  angle  of  an  arm  and  an  angle  of  a  boom,  first  arithmetic  means  for  taking  in  values 

is  detected  by  the  angle  detection  means  at  the  moment  when  the  operation  pedal  has  been  trodden,  for 
obtaining  a  position  of  the  front  edge  of  the  bucket  relative  to  a  vehicle  according  to  the  detected  values,  for 
calculating  positions  of  the  plurality  of  points  set  relative  to  the  vehicle  according  to  the  obtained  position  to 
start  excavation  for  the  front  edge  of  the  bucket,  and  for  calculating  an  angle  of  rotation  of  the  bucket,  an 
angle  of  rotation  of  the  arm  and  an  angle  of  rotation  of  the  boom  for  each  of  the  excavation  sections  needed 

20  to  move  the  front  edge  of  the  bucket  to  the  calculated  position  and  to  set  the  bucket  to  the  posture  of  the 
bucket  set  for  each  proper  point,  second  arithmetic  means  for  obtaining  a  distribution  ratio  for  flow  rates  of 
pressurized  oil  to  be  supplied  to  respective  working  machines  according  to  the  calculated  angle  of  rotation 
of  the  bucket,  angle  of  rotation  of  the  arm  and  angle  of  rotation  of  the  boom,  and  for  calculating  commands 
for  flow  rates  for  the  respective  working  machines  by  distributing  the  total  flow  rate  of  the  pressurized  oil  to 

25  be  supplied  to  the  working  machines  in  the  distribution  ratio  obtained  ,  third  arithmetic  means  for  varying 
the  sum  of  the  commands  for  flow  rates  for  the  respective  working  machines  calculated  by  the  second 
arithmetic  means  in  accordance  with  a  value  detected  by  the  tread  angle  detection  means  while  maintaining 
the  distribution  ratio,  and  a  driving  system  for  driving  the  bucket,  arm  and  boom  according  to  the 
commands  for  flow  rates  output  from  the  third  arithmetic  means. 

30  In  such  a  configuration,  the  tread  angle  of  the  operation  pedal  detected  by  the  tread  angle  detection 
means  is  input  to  the  third  arithmetic  means.  The  third  arithmetic  means  drives  the  respective  working 
machines  with  speeds  in  accordance  with  the  tread  angle  of  the  pedal  by  varying  the  sum  of  the  commands 
for  flow  rates  for  the  respective  working  machines  calculated  by  the  second  arithmetic  means  in  accordance 
with  the  detected  value  of  the  tread  angle  which  has  been  input  while  maintaining  the  distribution  ratio  and 

35  by  outputting  the  varied  commands  for  flow  rates  to  the  driving  system. 
The  operation  pedal  is  provided  with  the  function  to  forcibly  stop  automatic  excavation,  and  excavation 

is  forcibly  stopped  when  the  tread  angle  of  the  operation  pedal  exceeds  a  predetermined  angle. 
It  is  also  possible  to  provide  the  operation  pedal  with  the  function  to  store  and  instruct  the  angle  of  the 

boom  and  the  angle  of  the  arm.  When  the  bucket  was  rotated  by  a  predetermined  amount  or  more  toward 
40  the  side  of  discharged  earth  at  the  moment  of  a  horizontal  mode  for  the  bucket  for  horizontally  holding  the 

bucket  after  the  end  of  automatic  excavation,  if  the  operation  pedal  has  been  trodden  by  a  predetermined 
angle  or  more,  the  angle  of  the  arm  and  the  angle  of  the  boom  at  this  moment  is  stored.  At  the  next  or  later 
horizontal  mode  for  the  bucket,  the  boom  and  arm  are  automatically  moved  to  positions  corresponding  to 
the  stored  angle  of  the  boom  and  angle  of  the  arm  in  a  state  in  which  the  bucket  is  horizontally  held  when 

45  the  operation  pedal  has  been  trodden. 
Thus,  according  to  the  present  invention,  since  it  is  arranged  so  that  the  speeds  of  the  working 

machines  are  varied  in  accordance  with  the  tread  angle  of  the  operation  pedal,  the  operator  can  drive  the 
working  machines  at  desired  speeds  at  the  moment  of  automatic  excavation.  Furthermore,  since  it  is 
arranged  so  that  automatic  excavation  can  be  forcibly  terminated  by  strongly  treading  the  operation  pedal  at 

50  the  moment  of  automatic  excavation,  the  operator  can  stop  automatic  excavation  at  an  early  stage  when,  for 
example,  the  bucket  sufficiently  scoops  earth  and  sand.  Thus,  it  is  possible  to  prevent  wastefull  excavation. 
Moreover,  since  it  is  arranged  so  that  the  position  to  discharge  earth  is  stored  by  strongly  treading  the 
operation  pedal  at  the  moment  of  discharging  earth  and  the  working  machines  are  automatically  moved  to 
the  stored  position  to  discharge  earth  at  the  next  and  later  excavation  operations,  it  is  possible  to  discharge 

55  earth  always  at  an  identical  position. 
According  to  another  aspect  of  the  present  invention,  in  a  configuration  in  which  a  reference  locus  of 

movement  of  a  front  edge  of  a  bucket  approximated  by  a  plurality  of  points  and  respective  postures  of  the 
bucket  when  the  front  edge  of  the  bucket  is  situated  at  the  plurality  of  points  are  previously  set,  and  the 

5 
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bucket,  an  arm  and  a  boom  are  automatically  rotated  in  units  of  respective  excavation  sections  divided  by 
the  plurality  of  points  so  that  the  front  edge  of  the  bucket  moves  along  the  plurality  of  points  from  an 
assigned  position  to  start  excavation  and  the  bucket  has  the  postures  set  at  the  plurality  of  points,  there  are 
provided  load  detection  means  for  detecting  load,  first  means  for  upwardly  driving  the  boom  until  a  detected 

5  value  reaches  a  second  set  value  which  is  smaller  than  a  first  set  value  when  the  value  detected  by  the  load 
detection  means  becomes  the  first  set  value  or  more  during  automatic  excavation  and  for  resuming 
automatic  excavation  for  remaining  sections  making  the  position  of  the  front  edge  of  the  bucket  upwardly 
driven  a  point  to  resume  excavation,  and  second  means  for  adding  excavation  volume  from  the  start  of 
excavation  to  a  predetermined  section  and  excavation  volume  of  remaining  sections  when  automatic 

io  excavation  has  ended  up  to  the  predetermined  section  after  the  automatic  excavation  resumed,  for 
subtracting  the  added  value  from  excavation  volume  by  the  reference  locus  of  movement  when  the  boom  is 
not  upwardly  driven  and  for  supplementing  a  section  for  performing  linear  excavation  for  the  volume 
corresponding  to  the  subtracted  value  before  the  remaining  sections. 

According  to  such  a  configuration,  the  first  set  value  is  set,  for  example,  to  a  value  which  is  a  little 
is  smaller  than  relief  pressure.  Hence,  when  the  load  of  the  working  machines  becomes  large,  the  boom  rises 

before  oil  is  relieved,  and  the  load  is  therefore  reduced.  The  rise  of  the  boom  stops  at  the  moment  when 
the  load  is  reduced  to  the  second  set  value,  and  automatic  excavation  for  remaining  sections  is  then 
resumed  making  that  position  a  point  to  resume  excavation.  Subsequently,  when  automatic  excavation  has 
ended  up  to  a  predetermined  section,  such  as  an  intermediate  point  or  the  like,  a  section  for  linear 

20  excavation  is  supplemented  by  the  second  means. 
Thus,  according  to  the  present  invention,  since  it  is  arranged  so  that  the  locus  which  has  been  set  is 

corrected  in  accordance  with  the  actual  load,  relief  loss  is  favorably  reduced.  Furthermore,  since  it  is 
arranged  so  that  a  section  for  horizontal  excavation  having  a  length  in  accordance  with  actual  excavated 
volume  is  provided,  it  is  possible  to  make  the  amount  of  excavated  earth  always  uniform  even  when  the 

25  locus  is  corrected. 

Brief  Description  of  the  Drawings 

FIG.  1  is  a  block  diagram  showing  a  first  embodiment  of  the  present  invention; 
30  FIG.  2  is  a  diagram  showing  an  appearance  of  a  power  shovel; 

FIG.  3  is  a  diagram  used  for  defining  the  lengths,  angles  and  the  like  of  working  machines; 
FIG.  4  is  a  diagram  for  explaining  a  method  of  setting  a  locus  of  automatic  excavation; 
FIG.  5  consists  of  process  diagrams  for  explaining  processes  of  automatic  excavation; 
FIG.  6  is  a  diagram  showing  rotating  states  of  a  locus  of  excavation; 

35  FIG.  7  is  a  diagram  for  explaining  a  method  for  obtaining  Aa,  A/3  and  A7: 
FIG.  8  is  a  diagram  showing  a  curve  of  constant  horsepower; 
FIG.  9  is  a  diagram  showing  an  example  of  the  movement  of  respective  working  machines  at  the 
moment  of  automatic  excavation; 
FIG.  10  is  a  diagram  schematically  showing  the  calculation  of  target  positions  and  output  states  of  a 

40  command  signal; 
FIG.  11  is  a  diagram  showing  a  state  of  excavation  when  a  manual  command  has  been  input  during 
excavation; 
FIG.  12  is  a  diagram  for  explaining  an  initial  setting  mode  for  the  posture  of  a  bucket; 
FIG.  13  is  a  flowchart  for  explaining  the  operation  of  a  controller  in  the  first  embodiment; 

45  FIG.  14  is  a  diagram  showing  the  relationship  between  the  pump  pressure  and  the  set  value  for 
determining  the  moment  to  start  excavation; 
FIG.  15  is  a  diagram  showing  an  operation  pedal  in  a  second  embodiment  of  the  present  invention; 
FIG.  16  is  a  diagram  showing  curves  of  constant  horsepower; 
FIG.  17  is  a  diagram  showing  the  relationship  between  the  tread  force  and  tread  angle  of  an  operation 

50  pedal; 
FIG.  18  is  a  flowchart  for  explaining  the  operation  of  a  controller  in  the  second  embodiment  of  the 
present  invention; 
FIG.  19  is  a  diagram  for  explaining  the  relationship  between  the  pump  pressure  and  the  set  value  in  a 
third  embodiment  of  the  present  invention; 

55  FIG.  20  is  a  diagram  showing  variations  of  the  locus  when  a  boom  rises  in  the  third  embodiment; 
FIG.  21  is  a  diagram  for  explaining  an  example  of  excavation  in  which  a  section  for  horizontal  excavation 
is  provided  in  the  third  embodiment; 
FIG.  22  is  a  flowchart  for  explaining  the  operation  of  a  controller  in  the  third  embodiment; 
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Best  Mode  for  Carrying  Out  the  Invention 

The  present  invention  will  now  be  explained  in  detail  with  reference  to  the  embodiments  shown  in  the 
accompanying  drawings. 

5  First,  a  first  embodiment  of  the  present  invention  will  be  explained  with  reference  to  FIGS.  1-14.  
FIG.  2  shows  the  schematic  configuration  of  a  power  shovel.  In  FIG.  2,  an  upper  pivoting  body  2  is 

pivotably  supported  on  a  running  body  1  .  One  end  of  a  boom  3  is  pivoted  on  the  pivoting  body  2.  An  arm  4 
is  pivoted  on  another  end  of  the  boom  3.  A  bucket  5  is  pivoted  on  another  end  of  the  arm  4.  The  boom  3, 
the  arm  4  and  the  bucket  5  are  rotatably  driven  by  a  boom  cylinder  6,  an  arm  cylinder  7  and  a  bucket 

io  cylinder  8,  respectively. 
The  lengths,  angles  and  the  like  of  the  respective  working  machines  are  now  defined  as  indicated  in 

FIG.  3.  That  is,  the  points  of  rotation  for  the  boom,  arm  and  bucket  and  the  point  of  the  front-edge  of  the 
bucket  are  represented  by  points  A,  B,  C  and  D,  respectively,  and 

h  ;  the  length  between  the  points  A  and  B 
is  h  ;  the  length  between  the  points  B  and  C 

h  ;  the  length  between  the  points  C  and  D 
a  ;  the  angle  made  by  a  line  segment  AB  and  the  vertical  axis  (the  angle  of  the  boom) 
$  ;  the  angle  made  by  a  line  segment  BC  and  the  production  of  the  line  segment  AB  (the  angle  of 

the  arm) 
20  7  ;  the  angle  made  by  a  line  segment  CD  and  the  production  of  the  line  segment  BC  (the  angle  of 

the  bucket) 
S  ;  the  angle  made  by  a  direction  u  of  excavation  and  the  base  plate  of  the  bucket  (the  angle  of 

excavation) 
€  ;  the  angle  made  by  the  direction  u  of  excavation  and  the  line  segment  CD. 

25  The  posture  of  the  bucket  is  defined  by  the  angle  and  the  like. 
First,  the  method  of  setting  a  locus  of  excavation  at  the  moment  of  automatic  excavation  will  be 

explained.  In  the  present  embodiment,  a  locus  of  excavation  for  the  front  edge  of  the  bucket  as  shown  in 
FIG.  4  is  set.  This  locus  is  a  locus  of  a  circular  arc  having  a  radius  R  centering  around  a  predetermined 
point  0,  and  the  circular-arc  locus  is  approximated  by  n  points  Pi  ,  P2,  —  Pn-  In  setting  the  locus,  it  is 

30  assumed  that  the  amount  V  of  earth  in  one  excavation  operation  (a  hatched  region  in  FIG.  4)  is  obtained  by 
multiplying  the  full  amount  of  the  bucket  by  a  predetermined  number  k  (=  1  -  3),  the  depth  d  of  excavation 
is  obtained  by  multiplying  the  length  of  the  line  segment  CD  (=  l3)  by  a  predetermined  number  e  (=  0.1  - 
1.5),  and  an  angle  4*  is  a  proper  value  between  10°  -  180°.  The  values  k,  e,  4*  and  the  radius  R  of  the 
circular  arc  are  determined  in  accordance  with  the  quality  of  earth,  the  form  of  the  bucket,  the  contents  of 

35  operation  and  the  like,  and  a  reference  locus  of  excavation  is  determined  by  specifying  these  values.  For 
the  locus  of  excavation  thus  determined,  the  n  points  Pi  -  Pn  are  approximated  as  described  above,  and 
these  points  Pi  -Pn  are  made  target  positions  for  the  front  edge  of  the  bucket  for  respective  unit  excavation 
sections.  The  positions  of  the  points  P2  -  Pn  are  set  making  the  position  of  the  point  Pi  to  start  excavation  a 
reference  position.  The  postures  of  the  bucket,  that  is,  the  above-described  angles  ei  -  en  are  previoulsy 

40  determined  for  the  target  positions  Pi  -Pn,  respectively. 
In  determining  the  posture  e  of  the  bucket,  resistance  against  excavation  is  minimized  by  providing  a 

small  excavation  angle  S  at  the  moment  to  start  excavation  and  by  providing  a  small  excavation  angle  S 
within  a  range  in  which  the  back  portion  of  the  bucket  interferes  with  earth  as  little  as  possible  during 
excavation.  That  is,  in  this  excavation  operation,  a  virtual  line  OD  is  rotated  by  a  unit  angle  Ai/y  (=  >/y/n)  so 

45  that  the  bucket  follows  the  target  positions  Pi  -  Pn  with  the  postures  ei  -  en  by  simultaneously  driving  the 
boom,  arm  and  bucket. 

Automatic  excavation  in  the  present  embodiment  is  executed  in  accordance  with  the  processes  shown 
in  FIG.  5.  The  outline  of  the  processes  will  now  be  explained.  In  the  present  apparatus,  there  is  provided  an 
operation  pedal  10  for  instructing  an  automatic  excavation  mode  in  addition  to  two  operation  levers  11  and 

50  12  for  providing  commands  for  rotation  and  pivoting  motion  for  the  boom,  arm  and  bucket.  Automatic 
excavation  along  the  above-described  circular-arc  locus  is  performed  by  the  operation  of  the  operation 
pedal  10  (by  continuing  to  tread  the  pedal). 

First,  the  operator  moves  the  front  edge  of  the  bucket  to  a  desired  position  to  start  excavation  by 
operating  the  operation  pedals  11  and  12  (FIG.  5(a)),  and  then  selects  the  automatic  excavation  mode  and 

55  assigns  the  position  to  start  excavation  by  treading,  the  operation  pedal  10  (FIG.  5(b)).  That  is,  when  the 
operation  pedal  10  has  been  trodden,  the  position  of  the  front  edge  of  the  bucket  at  the  moment  is 
obtained,  and  the  obtained  position  is  made  the  position  to  start  excavation  for  the  present  excavation 
operation. 
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If  the  position  Pi  to  start  excavation  for  the  point  A  of  rotation  for  the  boom  is  expressed  by  a 
coordinate  (Xi  ,  Yi  ),  the  position  (Xi  ,  Yi  )  can  be  obtained  by  the  following  expression  using  the  angle  a  of 
the  boom,  the  angle  /3  of  the  arm  and  the  angle  y  of  the  bucket  at  the  moment  when  the  pedal  has  been 
trodden: 

5 
Xl  =  l jCOS  rf,  +  12COS  (  +  (?|  ) 

+  13COS  ( 0 1 , +   (3,  +  rt  ) 

70  Y  j  =  1]  s i n   ol,  +  l 2 s i n   (<*,  +  |3,  ) 

+  la  s i n   (  ot,  +  (5,  +  jfj  ) 

In  the  present  embodiment,  as  shown  in  FIG.  6,  a  tilt  angle  6  of  topography  is  estimated  from  the 
position  relationship  between  the  detected  position  Pi  to  start  excavation  and  a  predetermined  point  Pa 
which  has  previously  been  set,  the  above-described  circular-arc  locus  is  rotated  in  accordance  with  the  tilt 

20  angle  0,  and  automatic  excavation  in  accordance  with  the  rotated  circular-arc  locus  is  performed.  The 
predetermined  point  Pa  is  set  to  a  proper  position  in  front  of  the  caterpillar  1  .  It  becomes  thereby  possible  to 
more  or  less  deal  with  variations  in  topography. 

That  is,  in  the  present  automatic  excavation  operation,  an  arithmetic  algorithm  has  previously  been  set 
so  that  the  most  suitable  excavation  locus  and  posture  of  the  bucket  at  the  present  excavation  operation  are 

25  determined  if  the  operator  assigns  only  the  position  to  start  excavation.  In  the  present  embodiment,  all 
positions  of  the  plural  points  Pi  -  Pn  which  have  been  set  relative  to  the  vehicle  (the  point  A  of  rotation  of 
the  boom)  are  not  obtained  at  the  moment  to  start  excavation,  but  the  next  target  position  is  obtained  each 
time  at  each  unit  section.  The  storage  capacity  is  thus  reduced. 

When  the  start  of  excavation  has  been  assigned,  the  coordinate  for  the  next  target  position  P2  which 
30  advances  by  the  unit  angle  Ai/y  on  the  excavation  locus  determined  in  accordance  with  the  position  to  start 

excavation  is  obtained.  Furthermore,  since  the  posture  of  the  bucket  has  been  determined  in  accordance 
with  the  target  position  P2,  it  is  possible  to  uniquely  determine  the  angle  a2  of  the  boom,  the  angle  #2  of  the 
arm  and  the  angle  72  of  the  bucket  at  the  target  position  P2.  If  the  target  angles  a2,  02  and  72  of  the 
working  machines  have  been  determined,  it  is  possible  to  determine  target  angles  Aa,  A/3  and  Ay  of 

35  rotation  for  the  respective  working  machines  in  order  to  move  the  front  edge  of  the  bucket  up  to  the  point 
P2  by  obtaining  deviations  from  the  actual  angles  of  the  respective  working  machines. 

FIG.  7  is  a  diagram  for  explaining  the  calculation  to  obtain  Aa,  A/3  and  Ay,  where  the  symbol  4, 
represents  the  angle  made  by  the  horizontal  line  and  the  line  segment  OD,  the  symbol  wi  represents  the 
angle  made  by  the  line  segment  CD  and  the  line  segment  OD  at  the  point  Pi  to  start  excavation,  and  the 

40  symbol  W2  represents  the  angle  made  by  the  line  segment  CD  and  the  line  segment  OD  at  the  next  target 
position  P2. 

If  the  coordinate  for  the  point  P2  is  expressed  by  (X2,  Y2),  we  obtain 

45  XZ  =  ll  COS  <  <X,  +  ) 

+  12COS  (  di  +  p,  +  A<*  +  ) 

+  1.1  cos   ( c * , +   (3,  +  d",  +  .aot  +  40  +  / i ^   ) 
50 

=  Xi  +  Vi  •  +  { 1 2 - c o s   (  o<|  +  (3/  ) 

+  la  •  cos   (  d|  +  (3,  +  r,  )  }  •  />(3 

55  +  1.3  cos   (  +  p,  +  j-,  )  &  r  

(  2  )  . 
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It  is  also  possible  to  express  X2  by 

X2  =  Xi  +  R*  '  sin  (  +  0.5Ai/y  )  (3). 

5  If  the  terms  in  the  expression  (2)  are  expressed  by  bcos  (  ai  +  /3i  )  +  h  cos  (  ai  +  /3i  +  71  )  +  la  and  b 
cos  (  ai  +  /3i  +  71  )*  A7  =  lb,  the  following  expression  holds  from  the  expressions  (2)  and  (3): 

Yi  *  Aa  +  la  A/3  +  lb  A7  =  -  R  *  A4<  '  sin  (  1̂  +  0.5  )  (4) 

10  Similarly,  the  following  expression  holds: 

If  the  terms  in  the  expression  (5)  are  expressed  by  b  sin  (at  +  /3i  )  +  b  sin  (  ai  +  /3i  +  71  )  =  lc  and  b 
sin  (a:  +  /3i  +71  )Ay  =  ld,  the  following  expression  holds  from  the  expressions  (5)  and  (6): 

25  Xi  Aa  +  lc  A/3  +  ld  A7  =  R  Ai/y  *  COS  (  i/yi  +  0.5  Ai/y)  (7). 

Furthermore,  since  the  following  expressions  hold: 

30  4:  +  wi  =  ai  +  /3i  +  71  -  ir/2  (8),  and 

+  A(/y  +  W2  =  ai  +  /3i  +71  +  Aa  +  A/3  +  A7  -  tt/2  (9), 

the  following  expression  holds  from  the  expressions  (8)  and  (9): 
35 

W2  -  Wi  =  Aa  +  A/3  +  A7  -  A\p  (10). 

Since  all  the  parameters  except  Aa,  A/3  and  Ay  in  the  above-described  expressions  (4),  (7)  and  (10)  are 
specified,  it  is  possible  to  obtain  the  angles  Aa,  A/3  and  Ay  of  rotation  for  the  respective  working  machines 

40  in  order  to  move  the  front  edge  of  the  bucket  from  the  point  Pi  to  start  excavation  to  the  next  target  point 
P2  by  solving  the  expressions  (4),  (7)  and  (10). 

The  commands  for  flow  rates  for  the  cylinders  of  the  respective  working  machines  are  determined 
according  to  the  angles  Aa,  A/3  and  Ay  of  rotation  thus  obtained.  At  that  time,  the  commands  for  flow  rates 
for  the  respective  working  machines  are  determined  so  that  the  sum  Qs  (=  Qbm  +  Qam  +  Qbt,  where  Qbm; 

45  the  flow  rate  for  the  boom,  Qam;  the  flow  rate  for  the  arm,  and  Qbt;  the  flow  rate  for  the  bucket)  of  flow  rates 
of  pressurized  oil  to  be  supplied  to  the  respective  working  machines  is  equal  to  the  discharge  flow  rate  of 
the  pump  at  that  moment.  That  is,  the  distribution  ratio  of  flow  rates  needed  for  the  respective  working 
machines  is  determined  according  to  the  angles  Aa,  A/3  and  Ay  of  rotation,  and  the  flow  rate  Qd  of  the 
pump  at  the  maximum  output  is  obtained  from  the  relationship  of  constant  horsepower  between  the  flow 

50  rate  Q  of  the  pump  and  the  pump  pressure  P  and  the  actual  pump  pressure  Pd  at  the  present  moment.  The 
values  of  the  commands  for  flow  rates  for  the  respective  working  machines  are  determined  by  distributing 
the  flow  rate  Qd  of  the  pump  in  the  determined  distribution  ratio.  At  that  time,  the  actual  flow  rates  to  be 
supplied  to  the  respective  working  machines  are  obtained  according  to  the  angle  of  the  boom,  the  angle  of 
the  arm  and  the  angle  of  the  bucket  at  respective  moments,  and  the  above-described  distribution  ratio  is 

55  occasionally  adjusted  according  to  the  calculated  actual  flow  rates  so  that  the  boom,  arm  and  bucket  can 
simultaneously  reach  the  target  angles  a2,  #2,  and  72.  The  excavation  operation  for  every  unit  section  ends 
when  the  arm  has  reached  the  target  angle  #2,  and  the  process  proceeds  to  the  control  for  the  next  section 
when  the  angle  of  the  arm  has  reached  the  target  value  #2. 

20 

15 

Y2  =  Yi  +  X i«A  -  { l 2 s i n   (  o*,  +  (),  ) 

+  l.i  s i n   (  o/,  +  p,  +  ^,  )  } 

-  l.i  s i n   (  <*,  +  (3,  +  f,  )  -a  J" 

=  Yi  -  R - 4 - c o s   (  4,  +  0 . 5 ^ ^ )  -  ( 6 ) .  

-  ( 5 )  
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Also  in  the  next  section,  in  the  same  manner  as  described  above,  first,  the  target  position  P3  for  the 
front  edge  of  the  bucket  and  the  angle  €3  for  the  posture  of  the  bucket  are  determined.  The  angles  Aa,  A/3 
and  A7  of  rotation  are  then  determined  according  to  the  above-described  determined  values,  and  the 
commands  for  flow  rates  for  the  respective  working  machines  are  determined  according  to  the  distribution 

5  ratio  of  flow  rates  corresponding  to  the  angles  Aa,  A/3  and  Ay  .  The  control  for  this  section  ends  when  the 
arm  has  reached  the  target  angle  #3,  and  the  process  proceeds  to  the  control  for  the  next  section.  By 
repeatedly  executing  such  control  operations  until  the  end  point  Pn,  the  front  edge  of  the  bucket  moves 
from  the  initial  point  Pi  (  ai  ,  /3i  ,  71  )  along  the  target  positions  Ps  (  a8,  /3s,  78  )  —  P15  (ai  5,  #15,  715)  —  P20 
(020,  #20,  720)  on  the  circular-arc  locus  (FIG.  5(c)),  as  shown  in  FIG.  9. 

70  FIG.  10  shows  the  schematic  configuration  of  the  above-described  arithmetic  control.  That  is,  in  the 
present  automatic  excavation  operation,  it  is  intended  to  reduce  the  memory  capacity  by  calculating  the 
coordinate  position  of  the  next  target  point  at  the  start  of  each  unit  section.  Furthermore,  the  commands  for 
flow  rates  for  the  respective  working  machines  are  occasionally  corrected  by  performing  feedback  of  actual 
values  of  flow  rates  to  the  commands  for  flow  rates  obtained  from  these  target  positions  with  a  proper 

75  period,  and  the  front  edge  of  the  bucket  can  thus  exactly  move  on  the  excavation  locus  which  has  been  set 
having  proper  postures. 

When  the  operation  pedal  10  is  returned  in  the  course  of  excavation,  the  commands  for  flow  rates  for 
the  respective  working  machines  are  set  to  zero,  and  the  respective  working  machines  are  immediately 
stopped  as  long  as  manual  operation  is  not  performed  by  the  operation  levers  11  and  12. 

20  When  commands  by  the  manual  levers  11  and  12  have  been  input  during  automatic  excavation,  priority 
is  given  to  manual  operations  for  the  purpose  of  security,  and  automatic  excavation  is  resumed  from  the 
point  where  the  lever  operation  has  been  stopped.  For  example,  if  there  has  been  an  input  of  a  manual 
operation  when  automatic  excavation  proceeded  to  the  point  Ps,  as  shown  in  FIG.  11.  automatic  excavation 
toward  the  next  target  point  Pg  is  resumed  making  the  point  where  the  lever  operation  has  been  stopped  a 

25  point  to  resume  excavation.  That  is,  when  there  has  been  a  manual  input  during  automatic  excavation,  the 
automatic  excavation  is  not  released,  but  is  temporarily  stopped. 

In  this  case,  it  is  arranged  so  that  the  end  of  excavation  is  detected  according  to  the  value  of  the  pump 
pressure  of  the  hydraulic  pump,  and  that  the  moment  when  the  pump  pressure  of  the  hydraulic  pump 
exceeds  a  predetermined  value  in  the  second  half  of  excavation  operations  in  which  excavation  sections 

30  have  proceeded  to  a  certain  degree  is  recognized  as  a  moment  to  end  excavation.  After  the  recognition,  the 
boom  is  raised,  the  bucket  is  tilted  to  in  horizontal  state,  and  the  excavation  operation  is  thus  terminated.  As 
described  above,  since  the  end  of  excavation  is  detected  by  detecting  load  by  the  pump  pressure  of  the 
hydraulic  pump,  it  is  possible  to  prevent  wasteful  excavation. 

After  the  end  of  excavation,  the  tilt  angle  of  the  bucket  is  shifted  to  a  mode  for  horizontally  holding  the 
35  bucket  in  which  the  tilt  angle  of  the  bucket  is  always  maintained  at  a  horizontal  state  (FIG.  8(d)).  That  is,  in 

the  mode  for  horizontally  holding  the  bucket,  the  angle  7  of  the  bucket  is  automatically  controlled  so  that 
the  relationship  a  +  /3  +  7  =  (3/2)  -n  is  satisfied  in  accordance  with  input  commands  from  the  operation 
lever  for  the  boom  and  the  operation  lever  for  the  arm  in  order  to  always  horizontally  maintain  the  upper 
surface  of  the  bucket.  In  the  mode  for  horizontally  holding  the  bucket,  the  operation  of  the  above-described 

40  operation  pedal  for  automatic  excavation  is  made  invalid.  By  such  a  control  operation,  it  is  arranged  so  that 
load  is  not  dropped,  and  the  operation  during  loading  work  becomes  simple  (the  bucket  operation  becomes 
unnecessary). 

The  automatic  excavation  mode  is  released  when  the  bucket  is  rotated  to  the  dump  side  by  a 
predetermined  amount  or  more  by  a  manual  operation  in  the  mode  for  horizontally  holding  the  bucket.  That 

45  is,  when  the  operator  rotates  the  bucket  to  the  dump  side  by  the  predetermined  amount  or  more  for 
discharging  earth  in  the  mode  for  horizontally  holding  the  bucket,  the  automatic  excavation  mode  is 
released  (FIG.  5(e)). 

When  the  automatic  excavation  mode  has  been  released,  the  control  shifts  to  a  bucket  posture 
automatic  setting  mode  in  which  the  bucket  is  always  controlled  in  the  most  suitable  posture  at  the  moment 

50  to  start  excavation  (FIG.  5(f)).  That  is,  in  the  bucket  posture  automatic  setting  mode,  the  bucket  cylinder  is 
controlled  so  that  the  most  suitable  bucket  posture  at  the  moment  to  start  excavation  is  maintained  in 
accordance  with  the  position  of  a  bucket  pin  (the  point  C  in  FIG.  3)  which  is  determined  by  the  positions  of 
the  boom  and  the  arm  after  discharging  earth.  To  put  it  concretely,  if  the  bucket  posture  is  defined  by  the 
angle  X  (the  angle  made  by  a  line  segment  connecting  the  position  of  the  front  edge  of  the  bucket  to  the 

55  above-described  set  point  Pa  and  the  upper  surface  of  the  bucket),  as  shown  in  FIG.  12,  and  the  angle 
made  by  the  horizontal  line  and  the  above-described  line  segment  is  represented  by  t,  the  angle  7  of  the 
bucket  is  controlled  so  that  the  following  expression  is  satisfied: 
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a  +  /3+7  +  X  +  T  =  (3/2)  77  (11). 

That  is,  in  the  above-described  expression,  the  angle  X  is  a  predetermined  value,  and  the  angle  t  can  be 
obtained  from  the  angles  a  ,  /3  and  the  like.  Hence,  the  angle  y  of  the  bucket  is  controlled  so  that  the 

5  expression  (11)  is  satisfied  in  accordance  with  the  angle  a  of  the  boom  and  the  angle  /3  of  the  arm  provided 
by  manual  operations.  The  bucket  posture  setting  mode  is  stopped  when  the  operation  lever  11  for  the 
bucket  is  manually  operated.  Subsequently,  the  respective  working  machines  including  the  bucket  are 
driven  in  accordance  with  commands  from  the  operation  levers  11  and  12. 

In  the  case  when  the  operator  has  arbitrarily  changed  the  posture  of  the  bucket  at  the  moment  of  initial 
io  automatic  excavation  or  the  bucket  posture  setting  mode,  and  the  like,  the  bucket  is  not  necessarily 

maintained  in  the  most  suitable  posture  at  the  moment  to  start  excavation.  In  such  cases,  the  bucket 
posture  is  not  abruptly  corrected  to  the  most  suitable  posture  until  the  next  section,  but  sections  are 
provided  in  an  appropriate  number,  and  the  bucket  is  gradually  corrected  to  the  most  suitable  angle  in 
these  sections. 

75  FIG.  1  shows  an  example  of  the  configuration  of  the  control  for  realizing  the  above-described  respective 
fuctions.  In  FIG.  1,  whether  or  not  an  automatic  excavation  mode  assigning  pedal  10  has  been  trodden  is 
detected  by  a  pedal  operation  detector  17,  and  the  detected  signal  is  input  to  a  controller  20.  The  direction 
and  amount  of  operation  of  the  bucket/boom  operation  lever  1  1  are  detected  by  a  lever  position  detectors 
13  and  15.  A  bucket  rotation  command  yT  and  a  boom  rotation  command  aT  are  input  from  these  detectors 

20  13  and  15  to  switches  30  and  32,  respectively.  The  direction  and  amount  of  the  operation  of  the  arm 
operation  lever  12  are  detected  by  a  lever  position  detector  14,  and  an  arm  rotation  command  j8T  which  is 
the  detected  signal  thereby  is  input  to  a  switch  31  .  The  command  signals  aT,  j8T  and  yT  by  the  operation 
levers  11  and  12  are  also  input  to  the  controller  20. 

The  switches  30,  31  and  32  performs  switching  operations  according  to  switching  control  signals  SLi  , 
25  SL2  and  SL3  input  from  the  controller  20,  respectively,  and  selectively  switch  command  signals  yc,  0C  and 

ac  at  the  moment  of  automatic  excavation  input  from  the  controller  20  and  command  signals  yT,  j8T  and  aT  at 
the  moment  of  manual  excavation  input  from  the  lever  position  detectors  13,  14  and  15. 

A  bucket  control  system  40  consists  of  an  angle  sensor  41  for  detecting  the  angle  y  of  the  bucket,  a 
differentiator  42  for  detecting  the  actual  rotation  speed  y  of  the  bucket  by  differentiating  the  angle  y  of  the 

30  bucket,  an  addition  point  43  for  obtaining  a  deviation  between  a  target  value  and  a  signal  indicating  the 
actual  rotation  speed  y  of  the  bucket,  and  a  flow  rate  control  valve  44  for  supplying  a  bucket  cylinder  4  with 
pressurized  oil  having  a  flow  rate  in  accordance  with  a  deviation  signal  from  the  addition  point  43  so  as  to 
make  the  deviation  signal  0. 

Similarly  to  the  bucket  control  system  40,  an  arm  control  system  50  and  a  boom  control  system  60 
35  includes  angle  sensors  51  and  61  ,  differentiators  52  and  62,  addition  points  53  and  63,  and  flow  rate  control 

valves  54  and  64,  respectively,  and  control  the  rotation  of  the  arm  and  boom  so  as  to  coincide  with 
command  values. 

The  angle  y  of  the  bucket,  the  angle  /3  of  the  arm  and  the  angle  a  of  the  boom  detected  by  the  angle 
sensors  41  ,  51  and  61  in  these  fow  rate  control  systems,  respectively,  are  also  input  to  the  controller  20. 

40  The  pump  pressure  in  a  pump  (not  shown)  for  the  working  machines  is  detected  by  an  oil  pressure  sensor 
70,  and  the  value  of  the  detected  pressure  is  input  to  the  controller  20. 

The  function  of  such  a  configuration  will  be  explained  with  reference  to  the  flowchart  shown  in  FIG.  13. 
When  the  operation  pedal  10  has  been  trodden,  the  tread  is  detected  by  a  pedal  operation  detector  17.  The 
detected  signal  is  input  to  the  controller  20,  which  starts  the  control  by  the  automatic  excavation  mode  (step 

45  100).  For  the  purpose  of  security,  it  is  arranged  so  that  the  automatic  mode  can  be  operated  only  when 
manual  operations  by  the  operation  levers  11  and  12  are  performed  and  at  the  moment  of  the  bucket 
posture  automatic  setting  mode  shown  in  FIG.  5(f),  and  the  controller  20  does  not  start  the  automatic  mode 
even  if  the  operation  pedal  10  has  been  trodden  in  other  cases. 

When  the  automatic  mode  has  been  started,  the  controller  20  obtains  the  position  Pi  of  the  front  edge 
50  of  the  bucket  at  the  moment  of  start  according  to  the  outputs  y,  /3  and  a  from  the  angle  sensors  41,  51  and 

61  (see  expression  (1)).  Subsequently,  the  controller  20  puts  the  calculated  position  Pi  to  start  excavation 
into  an  arithmetic  program  made  from  the  expressions  (4)),  (7)  and  (10),  and  calculates  angles  Aa,  A/3  and 
Ay  of  rotation  for  the  respective  working  machines  needed  to  set  the  bucket  to  the  posture  €2  of  the  bucket 
at  the  next  target  position  P2  and  to  move  the  front  edge  of  the  bucket  from  the  position  Pi  to  the  position 

55  P2  (step  110).  The  controller  20  then  determines  the  distribution  ratio  of  oil  to  be  supplied  to  the  respective 
working  machines  from  these  angles  Aa,  A/3  and  Ay  of  rotation  (step  120),  further  obtains  the  pump 
pressure  Pd  from  the  output  of  the  oil  pressure  sensor  70  at  this  moment,  and  obtains  the  flow  rate  Qd  of 
the  pump  at  the  maximum  output  corresponding  to  the  pump  pressure  Pd  from,  the  relationship  of  constant 
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horsepower  shown  in  FIG.  8.  The  controller  20  then  obtains  the  command  signals  ac,  &c  and  yc  for  the 
respective  working  machines  by  distributing  the  flow  rate  Qd  of  the  pump  in  the  above-described  distribution 
ratio,  and  outputs  the  command  signals  ac,  j8c  and  yc  to  the  switches  32,  31  and  30,  respectively  (step  130). 
When  the  automatic  mode  has  been  selected,  respective  contacts  of  the  switches  30,  31  and  32  are 

5  switched  to  the  side  of  the  controller  20  by  the  switching  cotrol  signals  SLi  ,  SL2  and  SL3  of  the  controller 
20,  and  the  above-described  command  signals  ac,  j8c  and  yc  from  the  controller  20  are  input  to  the  boom 
control  system  60,  the  arm  control  system  50  and  the  bucket  control  system  40  via  the  switches  32,  31  and 
30,  respectively. 

At  the  next  step  140,  the  controller  20  determines  whether  or  not  the  pedal  10  is  trodden  according  to 
io  the  output  from  the  pedal  operation  detector  17.  When  the  return  of  the  pedal  10  has  been  detected,  the 

command  signals  ac,  j8c  and  yc  to  be  input  to  the  respective  flow  rate  control  system  are  immediately  made 
zero  (step  150).  At  step  160,  it  is  determined  whether  or  not  one  of  manual  commands  yT  ,  j8T  and  aT  has 
been  input  by  the  operation  of  the  operation  levers  11  and  12.  When  one  of  the  manual  commands  has 
been  input,  priority  is  given  to  the  input  manual  command  (step  170).  That  is,  when  one  of  the  manual 

is  commands  have  been  input,  the  switch  of  the  working  machine  corresponding  to  the  input  manual 
command  among  the  switches  30,  31  and  32  is  switched  to  the  side  of  the  operation  lever,  so  that  the 
command  signal  from  the  side  of  the  operation  lever  is  supplied  to  the  corresponding  flow  rate  control 
system. 

Thus,  the  command  signal  ac,  j8c  or  yc  (these  signals  are  zero  when  the  operation  pedal  is  switched  off) 
20  from  the  controller  20  or  the  command  signals  aT,  j8T  or  yT  from  the  manual  levers  11  and  12  are  input  to  the 

corresponding  flow  rate  control  systems  60,  40  and  50  in  accordance  with  the  operation  state  of  the 
operation  pedal  10  and  the  operation  levers  11  and  12,  and  the  bucket,  arm  or  boom  are  thereby  rotated 
(step  180).  It  is  arranged  so  that  the  controller  20  obtains  the  actual  flow  rates  of  oil  to  be  supplied  to  the 
respective  cylinders  8,  7  and  6  according  to  the  outputs  from  the  angle  sensors  41  ,  51  and  61  ,  respectively, 

25  and  successively  adjusts  the  above-described  distribution  ratio  in  accordance  with  these  actual  flow  rates. 
Subsequently,  the  controller  20  determines  whether  or  not  the  arm  has  reached  the  target  angle  #2 

according  to  the  detected  output  /3  from  the  angle  sensor  51  (step  190).  When  the  arm  has  not  reached  the 
target  angle  #2,  the  process  returns  to  step  120,  where  the  same  control  as  described  above  is  repeated. 
When  the  arm  has  reached  the  target  angle  #2,  it  is  determined  whether  or  not  excavation  has  ended  (step 

30  200).  When  excavation  has  not  ended,  the  process  returns  to  step  110,  where  tire  arithmetic  control  to  move 
the  position  of  the  front  edge  of  the  bucket  to  the  next  target  position  P3  is  performed  in  the  same  manner 
as  described  above.  Subsequently,  the  front  edge  of  the  bucket  is  moved  along  the  target  positions  P+,  P5, 
—  until  it  is  determined  that  excavation  has  ended  at  step  200,  in  the  same  manner  as  described  above.  In 
this  case,  it  is  arranged  so  that  the  moment  when  the  output  value  from  the  oil  pressure  sensor  70  has 

35  exceeded  a  predetermined  value  in  the  second  half  of  the  excavation  sections  is  detected  as  the  moment  to 
terminate  excavation.  When  a  manual  command  has  been  input  during  automatic  excavation,  the  controller 
20  returns  the  process  to  step  110  at  the  moment  when  the  manual  command  has  been  stopped,  switches 
the  switch  corresponding  to  the  working  machine  for  which  the  manual  command  has  been  input  to  the  side 
of  the  controller  20,  and  redrives  all  the  working  machines  by  command  signals  from  the  controller  20 

40  making  the  point  where  the  manual  operation  has  been  stopped  a  point  to  resume  the  process. 
When  the  end  of  excavation  has  been  determined  at  step  200,  the  controller  20  shifts  to  the  mode  for 

horizontally  holding  the  bucket  which  horizontally  controls  the  tilt  angle  of  the  bucket  (step  210).  In  the 
mode  for  horizontally  holding  the  bucket,  the  switches  31  and  32  are  switched  to  the  side  of  the  manual 
levers  11  and  12,  the  switch  30  continues  to  be  connected  to  the  side  of  the  controller  20,  and  the  boom 

45  and  arm  are  driven  according  to  manual  commands.  As  for  the  bucket,  the  command  signal  yc  is  output 
from  the  controller  20  so  that  the  relationship  a  +  /3  +  7  =  (3/2)?r  is  satisfied,  and  the  tilt  angle  of  the 
bucket  is  always  maintained  in  a  horizontal  state  even  if  the  boom  and  arm  are  arbitrarily  subjected  to 
manual  operations.  If  the  bucket  has  been  rotated  toward  the  dump  side  by  a  predetermined  angle  or  more 
during  the  mode  for  horizontally  holding  the  bucket,  the  controller  20  releases  the  automatic  mode  (step 

50  220),  and  shifts  the  process  to  a  bucket  posture  initial  setting  mode  (step  230).  In  this  mode,  initially,  the 
switches  31  and  32  are  connected  to  the  side  of  the  manual  levers  11  and  12  and  the  switch  30  is 
connected  to  the  side  of  the  controller  20,  so  that  manual  commands  are  input  to  respective  control 
systems  only  for  the  boom  and  arm.  As  for  the  bucket,  the  command  signal  yc  from  the  controller  20  is 
output  so  that  the  above-described  expression  (11)  is  satisfied,  and  hence  the  bucket  always  has  the  most 

55  suitable  initial  posture  in  accordance  with  the  height  of  the  bucket.  This  automatic  setting  mode  is  stopped 
when  a  manual  command  for  the  bucket  has  been  input. 

In  the  above-described  embodiment,  the  moment  when  the  pump  pressure  exceeds  a  predetermined 
set  value  in  the  second  half  of  excavation  operations,  that  is,  when  the  load  on  the  working  machines 
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exceeds  a  constant  value  is  made  the  end  of  excavation,  and  the  process  is  then  shifted  to  the  mode  for 
horizontally  holding  the  bucket.  However,  the  number  of  divided  sections  may  merely  be  counted,  and  the 
moment  when  excavation  for  a  predetermined  number  of  sections  has  ended  may  be  made  the  end  of 
excavation.  Furthermore,  the  absolute  posture  of  the  bucket  may  be  determined,  and  the  moment  when  the 

5  absolute  posture  of  the  bucket  nearly  approaches  a  horizontal  state  may  be  made  the  end  of  excavation. 
Moreover,  although,  in  the  above-described  embodiment,  the  moment  when  the  operation  pedal  10  has 

been  trodden  is  made  the  moment  to  start  excavation  and  the  position  of  the  front  edge  of  the  bucket  at 
that  moment  is  made  the  position  to  start  excavation,  the  load  may  be  detected  according  to  the  pump 
pressure  and  the  moment  when  the  pump  pressure  has  exceeded  a  predetermined  set  value  J  may  be 

io  made  the  moment  to  start  automatic  excavation,  as  shown  in  FIG.  14,  in  order  to  more  exactly  set  the  point 
to  start  excavation.  That  is,  in  the  case  in  which  the  moment  when  the  operation  pedal  10  has  been  trodden 
is  made  the  start  of  excavation,  it  is  difficult  to  make  the  moment  when  the  front  edge  of  the  bucket  has 
reached  earth  completely  coincide  with  the  moment  when  the  operation  pedal  has  been  trodden,  and 
variations  therefore  arise  in  the  position  to  start  excavation.  This  causes  variations  in  the  amount  of 

is  excavated  earth,  which  may  further  cause  inferior  excavation  efficiency.  Accordingly,  if  the  condition  for 
determing  the  moment  to  start  excavation  is  set  to  the  moment  when  the  pump  pressure  after  the  operation 
pedal  has  been  trodden  reaches  the  set  value  J  or  more,  it  becomes  possible  to  more  exactly  determine 
the  point  to  start  excavation.  That  is,  if  it  is  assumed  that  the  front  edge  of  the  bucket  is  separated  from 
earth  at  the  moment  when  the  operation  pedal  has  been  trodden,  the  respective  working  machines  are 

20  automatically  moved  in  the  direction  of  reaching  earth  from  the  moment  when  the  operation  pedal  has  been 
trodden  to  the  moment  when  the  bucket  reaches  earth  even  if  the  manual  operation  is  stopped.  Subse- 
quently,  since  there  is  a  change  in  load  at  the  moment  when  the  bucket  has  reached  earth,  the  change  is 
detected  by  the  pump  pressure.  To  put  it  concretely,  the  set  point  J  for  detecting  the  moment  to  start 
excavation  is  set  for  the  pump  pressure,  the  moment  when  the  pump  pressure  has  exceeded  the  set  point  J 

25  is  made  the  actual  moment  to  start  excavation,  and  the  position  of  the  front  edge  of  the  bucket  is  made  the 
position  to  start  excavation.  In  this  case,  if  separate  pumps  are  provided  for  the  respective  working 
machines,  the  moment  to  start  excavation  may  be  detected  by  the  pump  pressure  of  a  working  machine 
having  a  large  detection  value.  In  this  detection  method,  since  the  load  detection  is  performed  by  the  pump 
pressure,  the  method  has  the  advantage  that  only  one  pressure  gauge  is  needed  in  the  case  of  using  one 

30  pump. 
Furthermore,  the  following  function  to  prevent  wasteful  excavation  may  be  added  to  the  above- 

described  embodiment.  As  described  above,  in  the  present  apparatus,  automatic  excavaton  is  performed  so 
that  the  excavation  angle  S  always  becomes  small.  In  such  an  excavation  operation,  if  it  is  assumed  that 
conditions,  such  as  the  quality  of  earth  and  the  like,  are  identical,  the  amount  of  work  necessary  for 

35  scooping  and  pushing  aside  the  same  amount  of  earth  is  constant.  In  addition,  in  the  present  apparatus, 
since  the  control  of  the  pump  is  performed  along  the  curve  of  constant  horsepower  shown  in  FIG.  8,  it  is 
estimated  that  the  time  necessary  to  perform  the  above-described  amount  of  work  can  be  nearly  constant. 
Accordingly,  one  automatic  excavation  operation  is  first  tried  at  a  location  having  a  horizontal  surface  of 
earth,  and  the  excavation  time  at  that  moment,  that  is,  the  time  from  the  moment  when  the  bucket  touches 

40  the  surface  of  earth  to  the  moment  to  start  scooping  (the  boom  is  raised)  and  the  bucket  is  tilted)  is 
measured  and  stored.  For  automatic  excavation  from  the  next  excavation  operation,  scooping  is  started  from 
the  moment  when  the  stored  time  has  lapsed  from  the  moment  to  start  excavation.  Wasteful  excavation  is 
thus  prevented.  In  order  to  perform  the  above-described  timing  and  storing  operations,  an  appropriate 
operation  button  may,  for  example,  be  provided,  and  the  measuring  and  storing  operation  for  the  excavation 

45  time  may  be  performed  when  this  button  has  been  pushed  before  the  assignment  to  start  automatic 
excavation  by  the  operation  pedal  10.  If  such  a  function  is  supplemented,  it  is  possible  to  securely  prevent 
wasteful  excavation  and  to  shorten  the  excavation  time  even  if  topography  has  changed  due  to  a  change  in 
the  number  of  excavation  operations,  the  locus  of  excavation  and  the  like. 

Next,  an  explanation  will  be  provided  of  a  second  embodiment  in  which  the  following  additional 
50  functions  are  provided  for  the  operation  pedal  10. 

(1)  The  automatic  mode  is  selected  and  the  moment  to  start  excavation  is  indicated  by  treading  the 
operation  pedal  10  (this  function  is  also  provided  in  the  preceding  embodiment). 
(2)  The  speeds  of  the  respective  working  machines  can  be  changed  in  accordance  with  the  tread  angle. 
(3)  Automatic  excavation  is  terminated  by  treading  the  pedal  10  by  a  predetermined  angle  or  more 

55  during  automatic  excavation. 
(4)  At  the  moment  of  discharging  earth  (at  the  moment  of  releasing  the  automatic  mode),  the  angle  of  the 
arm  and  the  angle  of  the  boom  at  that  time  are  stored  by  treading  the  pedal  10  by  a  predetermined 
angle  or  more.  At  the  moment  of  excavation  after  the  next  excavation  operation,  if  the  pedal  10  is 
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trodden  after  the  end  of  excavation,  the  arm  and  boom  automatically  move  to  positions  corresponding  to 
the  angle  of  the  arm  and  the  angle  of  the  boom  which  have  been  stored  as  described  above  while 
maintaining  the  bucket  in  a  horizontal  state.  This  is  for  discharging  earth  at  an  identical  position. 
First,  as  for  the  above-described  function  (2),  by  changing  the  sum  Qs  (=  Qbm  +  Qam  +  Qbt,  where 

5  Qbm;  the  flow  rate  for  the  boom,  Qam;  the  flow  rate  for  the  arm,  Qbt;  the  flow  rate  for  the  bucket)  of  flow  rates 
of  pressurized  oil  to  be  supplied  to  the  respective  working  machines  in  accordance  with  the  tread  angle  of 
the  operation  pedal  10,  the  speeds  of  the  working  machines  are  changed  in  accordance  with  the  tread 
angle.  That  is,  in  the  present  embodiment,  the  process  is  identical  to  the  process  in  the  preceding 
embodiment  in  that  the  angles  Aa,  A/3  and  Ay  of  rotation  for  the  respective  working  machines  for  moving 

io  the  front  edge  of  the  bucket  from  a  certain  target  point  to  the  next  target  point  are  obtained  by  solving  the 
expressions  (4),  (7)  and  (10)  described  before,  and  the  distribution  ratio  (Qbm  :  Qam  :  Qbt)  for  flow  rates 
needed  for  the  respective  working  machines  is  determined  according  to  the  obtained  andgles  Aa,  A/3  and 
Ay  .  At  that  time,  however,  the  tread  angle  0  of  the  operation  pedal  10  is  detected  (see  FIG.  15),  and  a 
suitable  curve  of  constant  horsepower  in  accordance  with  the  detected  value  0  is  selected  (see  FIG.  16).  In 

is  this  case,  as  shown  in  FIG.  16,  a  plurality  of  curves  of  constant  horsepower  consisting  of  the  relationship 
between  the  flow  rate  Q  for  the  pump  and  the  pump  pressure  P  are  set  in  accordance  with  the  tread  angle 
0  of  the  pedal  ,  and  a  curve  of  constant  horsepower  which  corresponds  to  the  detected  tread  angle  0  of  the 
pedal  is  selected.  The  values  of  the  commands  for  flow  rates  for  the  respective  working  machines  are 
determined  by  obtaining  the  flow  rate  Qd  of  the  pump  which  corresponds  to  the  actual  pump  pressure  Pd 

20  according  to  the  selected  curve  of  constant  horsepower,  and  by  distributing  the  flow  rate  Qd  of  the  pump  in 
the  determined  distribution  ratio.  That  is,  in  this  case,  although  the  total  flow  rate  Qs  is  changed  in 
accordance  with  the  tread  angle  0  of  the  pedal,  the  distribution  ratio  determined  as  described  above  is 
never  changed. 

Next,  the  above-described  function  (3)  will  be  explained.  When  the  operation  pedal  10  has  been  trodden 
25  by  a  predetermined  angle  or  more  during  excavation,  scooping  (in  which  the  bucket  is  rotated  toward  the  tilt 

side  and  the  boom  is  raised)  is  performed  and  automatic  excavation  is  forcibly  terminated,  even  if  the 
excavation  section  has  not  been  completed  to  the  end,  in  order  to  prevent  wasteful  excavation.  That  is,  the 
relationship  between  the  tread  force  and  the  tread  angle  0  of  the  operation  pedal  10  is  provided  in  two 
stages,  as  shown  in  FIG.  17.  The  operator  strongly  treads  the  pedal  10  by  the  angle  01  or  more  in  the  case 

30  when  he  determines  that  the  bucket  sufficiently  scoops  earth  and  sand  during  excavation,  and  the  like. 
When  the  pedal  10  has  been  trodden  by  the  angle  01  or  more  during  excavation,  tilting  of  the  bucket  and 
raising  of  the  boom  are  performed  from  that  moment,  and  automatic  excavation  is  forcibly  terminated. 
Hence,  it  is  possible  to  favorably  prevent  wasteful  excavation  by  the  determination  of  the  operator. 

Next,  the  above-described  function  (4)  will  be  explained. 
35  If  the  operation  pedal  10  has  been  trodden  by  the  predetermined  angle  0  or  more  in  the  same  manner 

as  described  above  (see  FIG.  17)  when  the  automatic  mode  explained  with  reference  to  FIG.  5(e)  is 
released,  the  angle  am  of  the  boom  and  the  angle  /3m  of  the  arm  are  stored  in  a  memory  21  within  the 
controller  20.  At  the  moment  of  excavation  after  the  next  excavation  operation,  when  the  operation  pedal  is 
trodden  within  the  angle  range  of  0  -  d  after  terminating  automatic  excavation,  the  boom  and  arm 

40  automatically  move  to  positions  corresponding  to  the  angle  am  of  the  boom  and  the  angle  /3m  of  the  arm 
which  have  been  stored  as  described  above  while  maintaining  a  horizontal  state  of  the  bucket  at  the 
moment  of  the  mode  for  horizontally  holding  the  bucket.  Thus,  earth  and  sand  are  discharged  at  an  identical 
position  at  the  moment  of  respective  excavation  operations.  During  this  control  operation,  if  manual 
commands  have  been  input  for  the  boom  and  arm,  the  automatic  operations  for  the  boom  and  arm  are 

45  stopped,  and  the  boom  and  arm  are  thereafter  driven  in  accordance  with  the  manual  commands.  The 
bucket  is  thereafter  automatically  driven  so  that  the  upper  surface  of  the  bucket  is  always  maintained  in  a 
horizontal  state  in  accordance  with  the  manual  commands  for  the  boom  and  arm. 

Thus,  in  the  second  embodiment,  since  the  operation  pedal  10  is  provided  with  the  above-described 
four  functions,  it  is  arranged  so  that  the  pedl  operation  detector  17  shown  in  FIG.  1  detects  the  tread  angle 

50  0  of  the  operation  pedal  10,  and  the  detected  signal  0  is  input  to  the  controller  20.  If  the  operation  pedal  10 
has  been  trodden  by  the  angle  0  or  more  when  the  automatic  mode  was  released,  the  angle  am  of  the  boom 
and  the  angle  /3m  of  the  arm  at  that  moment  are  stored  in  the  memory  21  within  the  controller  20. 

FIG.  18  shows  such  a  concrete  example  of  the  operation  of  the  second  embodiment.  In  FIG.  18,  steps 
161,  171,  250  and  260  are  added  to  the  flowchart  shown  in  FIG.  13,  and  step  130  shown  in  FIG.  13  is 

55  replaced  by  step  131.  In  FIG.  18,  like  steps  as  those  shown  in  FIG.  13  are  indicated  by  like  step  numbers, 
and  an  explanation  thereof  will  be  omitted. 

That  is,  at  step  131,  the  controller  20  takes  in  the  detected  value  0  by  the  pedal  operation  detector  17, 
selects  a  curve  of  constant  horsepower  corresponding  to  the  detected  value  0,  obtains  the  pump  pressure 
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Pd  from  the  output  from  the  oil  pressure  sensor  70  at  this  moment,  and  obtains  the  flow  rate  Qd  of  the  pump 
which  corresponds  to  the  pump  pressure  Pd  from  the  selected  curve  of  constant  horsepower.  The  controller 
20  then  obtains  the  command  signals  ac,  j8c  and  yc  for  the  respective  working  machines  by  distributing  the 
pump  pressure  Qd  in  the  distribution  ratio  described  before,  and  outputs  the  command  signals  ac,  j8c  and  yc 

5  to  the  switches  32,  31  and  30,  respectively. 
At  step  180,  it  is  determined  whether  or  not  the  operation  pedal  10  has  been  trodden  to  an  angle 

exceeding  the  angle  d  .  If  the  result  is  affirmative,  excavation  is  terminated  by  scooping  the  bucket  to  a 
horizontal  state  and  raising  the  boom  (step  190).  Subsequently,  the  bucket  is  shifted  to  the  mode  for 
horizontally  holding  the  bucket  (step  210).  Thus,  wasteful  excavation  is  prevented. 

io  When  releasing  the  automatic  mode  (step  220),  it  is  determined  whether  or  not  the  operation  pedal  10 
has  been  trodden  to  an  angle  exceeding  the  angle  01  (step  250).  If  the  result  is  affirmative,  the  controller  20 
takes  in  the  outputs  /3m  and  am  from  the  angle  sensors  51  and  61  ,  and  stores  the  angle  /3m  of  the  arm  and 
the  angle  am  of  the  boom  which  have  been  taken  in  in  the  memory  21  (step  260).  At  the  moment  of 
excavation  after  the  next  excavation  operation,  when  the  operation  pedal  10  has  been  trodden  within  the 

is  angle  range  of  0  -  01  after  terminating  automatic  excavation,  the  boom  and  arm  automatically  move  to 
positions  corresponding  to  the  angle  am  of  the  boom  and  the  angle  /3m  of  the  arm  which  have  been  stored 
as  described  above  while  maintaining  a  horizontal  state  of  the  bucket  at  the  moment  of  the  mode  for 
horizontally  holding  the  bucket  described  before.  Thus,  earth  and  sand  are  discharge  at  an  identical  position 
at  the  moment  of  respective  excavation  operations.  During  this  control  operation,  if  manual  commands  have 

20  been  input  for  the  boom  and  arm,  the  controller  20  switches  the  switches  31  and  32  to  the  side  of  the 
operation  levers,  and  the  boom  and  arm  are  driven  in  accordance  with  the  manual  commands. 

Although,  in  the  present  embodiment,  the  tread  up  to  the  second  step  of  the  operation  pedal  is  detected 
by  detecting  that  the  operation  pedal  10  has  been  trodden  deeper  than  the  predetermined  angle  01,  the 
tread  up  to  the  second  step  may  be  determined  by  detecting  that  the  operation  pedal  has  been  trodden  up 

25  to  the  angle  02  shown  in  FIG.  17. 
Furthermore,  the  method  for  changing  the  sum  of  commands  for  flow  rates  for  the  respective  working 

machines  in  accordance  with  the  tread  angle  of  the  pedal  is  not  limited  to  that  shown  in  the  above- 
described  embodiment,  but  a  predetermined  curve  of  constant  horsepower  shown  in  FIG.  8  may  be  shifted 
by  a  calculation  in  accordance  with  the  tread  angle  of  the  pedal.  Any  method  may  be  used,  provided  that 

30  the  sum  of  the  commands  for  flow  rates  for  the  respective  working  machines  is  eventually  changed  while 
maintaining  the  distribution  ratio. 

Next,  a  third  embodiment  of  the  present  invention  will  be  explained. 
In  the  third  embodiment,  load  detection  is  performed  by  detecting  the  pump  pressure  of  the  working 

machines  during  automatic  excavation  as  shown  in  FIGS.  4  and  9,  and  two  different  set  values  Ci  and  C2 
35  are  set  for  the  pump  pressure,  as  shown  in  FIG.  19.  It  is  arranged  so  that  the  set  value  C1  is  a  value  which 

is  a  little  smaller  than  relief  pressure,  and  the  set  value  C2  is  a  value  which  is  smaller  than  the  value  C1  by 
about  several  -  several  tens  of  kgf/cm2.  During  automatic  excavation,  when  the  above-described  pump 
pressure  for  the  working  machines  becomes  larger  than  the  set  value  C1  ,  the  boom  is  raised  until  the  pump 
pressure  becomes  the  set  value  C2  or  less.  The  raising  of  the  boom  is  stopped  at  the  moment  when  the 

40  load  becomes  equal  to  the  set  value  C2.  At  the  moment  of  the  raising  operation  of  the  boom,  the  arm  and 
bucket  are  rotated  until  both  the  arm  and  bucket  reach  the  target  angles  A/3  and  Ay  calculated  at  the  start 
of  the  proper  excavation  section,  respectively.  Subsequently,  the  position  of  the  front  edge  of  the  bucket  for 
stopping  the  boom  and  rotating  the  bucket  and  arm  to  the  target  angles  Ay  and  A/3  as  described  above  is 
calculated,  and  automatic  excavation  for  remaining  sections  is  resumed  making  the  calculated  position  a 

45  point  to  resume  excavation.  To  put  it  concretely,  as  shown  in  FIG.  20,  the  point  to  resume  excavation  after 
performing  the  raising  of  the  boom  is  represented  by  a  symbol  Pg,  the  target  position  is  calculated  making 
the  point  Pg  a  point  to  start  excavation  for  the  present  excavation  section.  Accordingly,  the  center  of  the 
circular-arc  locus  moves  from  point  O  to  point  O',  and  the  locus  after  resuming  excavation  becomes  a  locus 
made  by  shifting  the  locus  at  the  moment  of  the  initial  excavation  operation  upwardly  by  a  length 

50  corresponding  to  the  raised  amount  of  the  boom.  Thus,  also  after  resuming  excavation,  automatic 
excavation  is  performed  so  that  a  virtual  line  OD  is  rotated  centering  around  the  point  O'  successively  by  a 
unit  angle  Ai/*. 

When  the  locus  is  corrected  as  describeed  above,  it  is  considered  that  the  amount  of  excavated  earth 
becomes  smaller  than  in  the  case  of  not  correcting  the  locus.  Hence,  in  the  present  embodiment,  a 

55  horizontal  excavation  section  I  shown  by  cross  hatching  in  FIG.  21  is  provided  so  that  the  amount  of 
excavated  earth  is  always  constant. 

That  is,  if  it  is  assumed  that  excavation  sections  have  proceeded  up  to  an  intermediate  point  after 
correcting  the  locus  by  raising  the  boom,  the  volume  VA  which  the  front  edge  of  the  bucket  has  cut  away 
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up  to  the  present  moment  and  the  volume  VB  which  the  bucket  intends  to  subsequently  cut  away  when  the 
horizontal  excavation  section  is  not  provided  are  calculated.  If  the  excavated  volume  according  to  the 
reference  locus  when  the  locus  is  not  corrected  is  represented  by  the  symbol  V  and  the  volume  of  the 
horizontal  excavation  section  I  is  represented  by  the  symbol  VI,  it  is  possible  to  determine  the  volume  VI  by 

5  the  following  expression  because  the  volume  V  can  previously  be  obtained: 

VI  =  V  -  (VA  +  VB). 

If  the  volume  VI  is  thus  determined,  the  depth  d  of  excavation  can  be  obtained  from  the  position  of  the 
io  front  edge  of  the  bucket  at  the  moment.  Hence,  it  is  possible  to  obtain  the  length  I  =  (Vl/D)  of  the  horizontal 

excavation  section.  By  inserting  the  horizontal  excavation  section  having  the  calculated  length  I  before  the 
remaining  sections,  it  is  arranged  so  that  the  amount  of  excavated  earth  is  always  constant. 

FIG.  22  shows  a  concrete  example  of  the  operation  of  the  third  embodiment.  This  flowchart  is  made  by 
inserting  steps  162  and  172  between  step  160  and  step  180  in  the  flowchart  shown  in  FIG.  13  and  steps 

75  191-194  between  step  190  and  step  200.  In  FIG.  22,  like  steps  having  identical  functions  as  those  in  FIG. 
13  are  indicated  by  like  step  numbers,  and  an  explanation  thereof  will  be  omitted. 

That  is,  at  step  162  during  automatic  excavation,  the  controller  20  determines  whether  or  not  the  prump 
pressure  detected  by  the  oil  pressure  sensor  70  has  exceeded  the  set  value  Ci  (step  162).  Since  the 
determination  seldom  becomes  "YES"  at  an  initial  stage  of  excavation,  the  process  generally  proceeds  to 

20  step  180. 
However,  if  the  pump  pressure  detected  by  the  oil  pressure  sensor  70  has  exceeded  the  set  value  Ci 

during  such  automatic  excavation  operation  (step  162),  the  controller  20  corrects  the  locus  by  raising  the 
boom  until  the  pump  pressure  is  reduced  down  to  the  set  value  C2  as  shown  in  FIGS.  19  and  20  (step  172). 
At  the  moment  of  raising  the  boom,  the  arm  and  bucket  are  rotated  by  the  angles  A/3  and  Ay  of  rotation 

25  calculated  at  the  start  of  the  excavation  section,  and  the  boom  is  stopped  at  the  moment  when  the  pump 
pressure  is  reduced  down  to  the  set  value  C2.  Subsequently,  automatic  excavation  is  resumed  making  this 
point  the  point  to  resume  excavation. 

Subsequently,  the  controller  20  determines  whether  or  not  the  arm  has  reached  the  target  angle  #2 
according  to  the  output  /3  detected  by  the  angle  sensor  51  (step  190).  If  the  arm  has  not  reached  the  target 

30  angle  #2,  the  process  returns  to  step  120.  When  the  arm  has  reached  the  target  angle  #2,  it  is  then 
determined  whether  or  not  the  excavation  has  proceeded  to  an  intermediate  point  (step  191).  If  the 
excavation  has  not  proceeded  to  an  intermediate  point,  the  process  returns  to  step  110,  where  the 
arithmetic  control  to  move  the  position  of  the  front  edge  of  the  bucket  to  the  next  target  position  is 
performed  in  the  same  manner  as  described  above.  Subsequently,  in  the  same  manner,  the  front  edge  of 

35  the  bucket  is  sequentially  moved  along  target  positions  until  it  is  determined  that  the  excavation  has 
proceeded  to  an  intermediate  point  at  step  191. 

When  it  has  been  determined  that  the  excavation  ended  up  to  an  intermediate  point  (step  191),  it  is 
determined  whether  or  not  the  locus  has  been  corrected  (step  192).  When  the  locus  has  been  corrected, 
the  horizontal  excavation  section  which  has  been  explained  with  reference  to  FIG.  21  is  added,  and  the 

40  working  machines  are  driven  by  the  horizontal  excavation  (step  193).  That  is,  the  controller  20  has  stored 
the  positions  of  the  front  edge  of  the  bucket  calculated  from  outputs  from  the  angle  sensors  41  ,  51  and  61 
at  respective  moments.  Hence,  the  controller  20  obtains  the  volume  VA  cut  away  by  the  front  edge  of  the 
bucket  from  the  start  of  excavation  to  the  intermediate  point  according  to  the  stored  data,  and  further 
obtains  the  volume  VB  for  the  remaining  sections  from  the  reference  locus  of  movement  which  has 

45  previously  been  set  and  the  actual  position  of  the  front  edge  of  the  bucket.  The  controller  20  then  obtains 
the  volume  VI  for  the  horizontal  excavation  section  I  by  subtracting  the  added  value  of  the  excavation 
volume  VA  and  VB  from  the  excavation  volume  V  when  the  locus  is  not  corrected,  and  determines  the 
length  I  of  the  section  by  dividing  the  volume  VI  by  the  actual  depth  d  of  excavation  calculated  from  the 
outputs  from  the  angle  sensors  41  ,  51  and  61  . 

50  When  the  horizontal  excavation  has  ended  (step  194),  it  is  determined  whether  or  not  the  excavation 
has  ended  (step  200).  Subsequently,  the  process  returns  to  the  mode  for  horizontally  holding  the  bucket 
described  before  (step  210). 

In  the  present  embodiment,  when  the  locus  is  corrected  by  raising  the  boom,  the  bucket  and  arm  are 
rotated  until  both  the  bucket  and  arm  reach  the  target  angles  and  the  point  of  the  front  edge  of  the  bucket 

55  at  that  moment  is  made  a  point  to  resume  excavation.  However,  the  position  of  the  front  edge  of  the  bucket 
at  the  moment  when  the  arm  has  reached  the  target  angle  after  raising  of  the  boom  was  stopped  may  be 
made  a  point  to  resume  excavation.  Furthermore,  the  horizontal  excavation  is  not  limited  to  an  indermediate 
point,  but  may  be  performed  at  an  arbitrary  excavation  point.  Moreover,  the  horizontal  excavation  may  be 
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properly  added  even  when  the  correction  of  the  locus  by  raising  the  boom  is  not  performed. 

Claims 

5  1.  A  method  of  controlling  working  machines  of  a  power  shovel  having  a  bucket,  an  arm  and  a  boom, 
for  approximating  a  reference  locus  of  movement  of  a  front  edge  of  the  bucket  by  a  plurality  of 

points,  and  for  previously  setting  positions  of  the  plurality  of  points  making  a  position  to  start  excavation 
a  reference  point  and  postures  of  the  bucket  when  the  front  edge  of  the  bucket  is  situated  at  the 
plurality  of  points,  characterized  in  that  it  comprises: 

io  a  first  step  for  moving  the  front  edge  of  the  bucket  to  the  position  to  start  excavation  by  operation 
levers  for  the  working  machines; 

a  second  step  for  calculating  the  position  to  start  excavation  relative  to  a  vehicle  from  an  angle  of 
the  bucket,  an  angle  of  the  arm  and  an  angle  of  the  boom  at  the  assigned  moment  when  the  start  of 
automatic  excavation  has  been  assigned; 

is  a  third  step  for  calculating  a  position  of  each  of  the  plurality  of  points  relative  to  the  vehicle  which 
has  been  set  for  each  of  excavation  sections  divided  by  said  plurality  of  points  according  to  said 
calculated  position  to  start  excavation  relative  to  the  vehicle,  for  calculating  an  angle  of  rotation  of  the 
bucket,  an  angle  of  rotation  of  the  arm  and  an  angle  of  rotation  of  the  boom  needed  to  move  the  front 
edge  of  the  bucket  to  said  calculated  position  and  to  set  the  bucket  to  the  posture  of  the  bucket  which 

20  has  been  set  for  each  proper  point  for  each  of  the  excavation  sections  and  for  automatically  driving  the 
bucket,  arm  and  boom  making  said  calculated  angles  of  rotation  target  angles  of  rotation  for  each 
excavation  section;  and 

a  fourth  step  for  automatically  driving  the  bucket  in  accordance  with  manual  commands  from  the 
operation  levers  for  the  arm  and  boom  giving  priority  to  a  manual  command  from  the  operation  lever  for 

25  the  bucket  in  order  to  horizontally  holding  the  bucket,  after  said  third  step  has  ended. 

2.  A  method  of  controlling  working  machines  of  a  power  shovel  according  to  Claim  1  ,  wherein  the  control 
for  each  excavation  section  in  said  third  step  shifts  to  the  control  for  the  next  excavation  section  when 
the  angle  of  rotation  of  the  arm  has  reached  the  target  angle. 

30 
3.  A  method  of  controlling  working  machines  of  a  power  shovel  according  to  Claim  1  ,  wherein  said  third 

step  ends  when  excavation  for  all  the  excavation  sections  set  has  ended. 

4.  A  method  of  controlling  working  machines  of  a  power  shovel  according  to  Claim  1  ,  wherein  said  third 
35  step  ends  when  an  absolute  posture  of  the  bucket  becomes  nearly  horizontal. 

5.  A  method  of  controlling  working  machines  of  a  power  shovel  according  to  Claim  1  ,  wherein  said  third 
step  ends  at  the  moment  when  pump  pressure  for  the  working  machines  has  exceeded  a  predeter- 
mined  set  value  after  the  number  of  excavated  sections  proceeded  a  predetermined  number  of  sections 

40  or  more. 

6.  A  method  of  controlling  working  machines  of  a  power  shovel  according  to  Claim  1  ,  wherein  said  fourth 
step  ends  at  the  moment  when  the  bucket  has  been  rotated  toward  the  side  of  discharged  earth  by  a 
predetermined  amount  or  more  by  a  manual  command. 

45 
7.  A  method  of  controlling  working  machines  of  a  power  shovel  according  to  Claim  1  ,  further  including  a 

fifth  step  for  automatically  driving  the  bucket  in  accordance  with  a  manual  commands  from  the 
operation  levers  for  the  arm  and  boom  so  that  the  bucket  has  a  predetermined  initial  posture  in 
accordance  with  its  height,  after  said  fourth  step  has  ended. 

50 
8.  An  apparatus  for  controlling  working  machines  of  a  power  shovel  having  a  bucket,  an  arm  and  a  boom, 

characterized  in  that  it  comprises: 
automatic  mode  assigning  means  for  assigning  an  automatic  mode; 
automatic  mode  start  detection  means  for  detecting  a  moment  to  start  excavation  by  the  automatic 

55  mode; 
angle  detection  means  for  detecting  an  angle  of  the  bucket,  an  angle  of  the  arm  and  an  angle  of 

the  boom; 
pressure  detection  means  for  detecting  the  pump  pressure  of  a  pump  for  the  working  machines; 

17 
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first  arithmetic  means  for  taking  in  values  detected  by  said  angle  detection  means  at  the  moment 
to  start  excavation  according  to  an  output  from  said  automatic  mode  start  detection  means  and  for 
obtaining  the  position  of  a  front  edge  of  a  bucket  relative  to  a  vehicle  at  the  moment  to  start  excavation 
according  to  the  detected  values; 

5  second  arithmetic  means  for  previously  setting  a  reference  locus  of  movement  of  the  front  edge  of 
the  bucket  approximated  by  a  plurality  of  points  and  respective  postures  of  the  bucket  when  the  front 
edge  of  the  bucket  is  situated  at  the  plurality  of  points,  for  calculating  a  position  relative  to  the  vehicle 
for  each  of  said  plurality  of  points  which  have  been  set  position  by  position  for  each  of  excavation 
sections  divided  by  said  plurality  of  points  according  to  the  position  to  start  excavation  obtained  by  said 

io  first  arithmetic  means,  and  for  calculating  an  angle  of  rotation  of  the  bucket,  an  angle  of  rotation  of  the 
arm  and  an  angle  of  rotation  of  the  boom  needed  to  move  the  front  edge  of  the  bucket  to  said 
calculated  position  and  to  set  the  bucket  to  the  posture  of  the  bucket  which  has  been  set  for  each 
proper  point  for  each  of  the  excavation  sections; 

third  arithmetic  means  for  obtaining  a  distribution  ratio  of  flow  rates  of  pressurized  oil  to  be 
is  supplied  to  the  respective  working  machines  for  each  of  the  excavation  sections  according  to  the  angle 

of  rotation  of  the  bucket,  the  angle  of  rotation  of  the  arm  and  the  angle  of  rotation  of  the  boom 
calculated  for  each  of  the  excavation  sections,  and  for  calculating  and  outputting  commands  for  flow 
rates  for  the  respective  working  machines  according  to  a  flow  rate  of  a  pump  obtained  from  the  pump 
pressure  detected  by  the  pressure  detection  means  and  the  distribution  ratio  obtained: 

20  excavation  section  end  detection  means  for  detecting  a  moment  when  the  angle  of  the  arm  reaches 
a  target  arm  for  each  of  the  excavation  sections  according  to  an  output  from  the  angle  detection  means, 
and  for  moving  the  arithmetic  control  by  the  second  and  third  arithmetic  means  to  the  arithmetic  control 
for  the  next  excavation  section  at  the  moment  of  the  detection; 

switching  means  for  outputting  respective  commands  for  flow  rates  output  from  said  third  arithmetic 
25  means  in  place  of  manual  commands  giving  priority  to  manual  commands  when  the  automatic  mode 

has  been  assigned  by  the  automatic  mode  assigning  means;  and 
automatic  excavation  end  detection  means  for  detecting  the  end  of  automatic  excavation  by  said 

automatic  mode. 

30  9.  An  apparatus  for  controlling  working  machines  of  a  power  shovel  according  to  Claim  8,  wherein  said 
third  arithmetic  means  sets  respective  commands  for  flow  rates  to  be  output  to  zero  when  the 
automatic  mode  by  the  automatic  mode  assigning  means  has  been  released. 

10.  An  apparatus  for  controlling  working  machines  of  a  powrer  shovel  according  to  Claim  8,  wherein  said 
35  automatic  mode  start  detection  means  detects  the  assigned  moment  by  said  automatic  mode  assigning 

means. 

11.  An  apparatus  for  controlling  working  machines  of  a  power  shovel  according  to  Claim  8,  wherein  said 
automatic  mode  start  detection  means  detects  a  moment  when  the  pump  pressure  detected  by  said 

40  pressure  detection  means  exceeds  a  predetermined  value. 

12.  An  apparatus  for  controlling  working  machines  of  a  power  shovel  according  to  Claim  8,  wherein  said 
second  arithmetic  means  rotates  the  reference  locus  of  movement  set  in  accordance  with  an  angle 
made  by  the  position  to  start  excavation  obtained  by  said  first  arithmetic  means  and  a  predetermined 

45  reference  position,  calculates  positions  of  a  plurality  of  points  on  said  rotated  locus  relative  to  the 
vehicle,  and  calculates  the  angle  of  rotation  of  the  bucket,  the  angle  of  rotation  of  the  arm  and  the  angle 
of  rotation  of  the  boom  for  each  excavation  section  from  the  calculated  position. 

13.  An  apparatus  for  controlling  working  machines  of  a  power  shovel  according  to  Claim  8,  wherein  said 
50  automatic  excavation  end  detection  means  counts  the  number  of  excavation  sections,  and  makes  a 

moment  when  the  counted  value  becomes  a  predetermined  value  a  moment  to  end  excavation. 

14.  An  apparatus  for  controlling  working  machines  of  a  power  shovel  according  to  Claim  8,  wherein  said 
automatic  excavation  end  detection  means  detects  a  moment  when  an  absolute  posture  of  the  bucket 

55  becomes  nearly  horizontal. 

15.  An  apparatus  for  controlling  working  machines  of  a  power  shovel  according  to  Claim  8,  wherein  said 
automatic  excavation  end  detection  means  detects  a  moment  when  the  pump  pressure  detected  by 
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said  pressure  detection  means  has  exceeded  a  predetemined  value,  after  the  number  of  excavated 
sections  proceeded  a  predetermined  number  of  sections  or  more. 

16.  An  apparatus  for  controlling  working  machines  of  a  power  shovel  according  to  Claim  8,  wherein  said 
5  automatic  excavation  end  detection  means  includes  a  memory  for  storing  excavation  time  when 

automatic  excavation  has  been  tried,  and  makes  a  moment  when  the  excavation  time  stored  in  said 
memory  has  lapsed  a  moment  to  end  excavation  in  the  case  of  automatic  excavation  after  the  next 
excavation  operation. 

io  17.  An  apparatus  for  controlling  working  machines  of  a  power  shovel  according  to  Claim  8,  wherein  said 
third  arithmetic  means  obtains  actual  flow  rates  of  pressurized  oil  according  to  respective  outputs  from 
said  angle  detection  means,  and  successively  corrects  the  obtained  distribution  ratio  so  that  the  bucket, 
arm  and  boom  can  simultaneously  reach  target  angles  for  each  excavation  section  according  to  said 
actual  flow  rates  obtained. 

15 
18.  An  apparatus  for  controlling  working  machines  of  a  power  shovel  for  previously  setting  a  reference 

locus  of  movement  of  a  front  edge  of  a  bucket  approximated  by  a  plurality  of  points  and  respective 
postures  of  the  bucket  when  the  front  edge  of  the  bucket  is  situated  at  the  plurality  of  points,  and  for 
automatically  driving  the  bucket,  an  arm  and  a  boom  in  units  of  respective  excavation  sections  divided 

20  by  the  plurality  of  points  so  that  the  front  edge  of  the  bucket  moves  along  the  plurality  of  points  from  an 
assigned  position  to  start  excavation  and  the  bucket  has  the  postures  set  at  the  plurality  of  points  when 
an  automatic  mode  has  been  selected,  characterized  in  that  it  comprises: 

an  operation  pedal  for  assigning  the  selection  of  said  automatic  mode  and  a  moment  to  start 
excavation; 

25  tread  angle  detection  means  for  detecting  a  tread  angle  of  said  operation  pedal; 
angle  detection  means  for  detecting  an  angle  of  the  bucket,  an  angle  of  the  arm  and  an  angle  the 

boom; 
first  arithmetic  means  for  taking  in  values  detected  by  said  angle  detection  means  at  the  moment 

when  said  operation  pedal  has  been  trodden,  and  for  obtaining  a  position  of  the  front  edge  of  the 
30  bucket  relative  to  a  vehicle  according  to  the  detected  values; 

second  arithmetic  means  for  calculating  positions  of  the  plurality  of  points  set  relative  to  the  vehicle 
according  to  the  obtained  position  to  start  excavation  for  the  front  edge  of  the  bucket,  and  for 
calculating  an  angle  of  rotation  of  the  bucket,  an  angle  of  rotation  of  the  arm  and  an  angle  of  rotation  of 
the  boom  for  each  of  the  excavation  sections  needed  to  move  the  front  edge  of  the  bucket  to  said 

35  calculated  position  and  to  set  the  bucket  to  the  posture  of  the  bucket  set  for  each  proper  point: 
third  arithmetic  means  for  obtaining  a  distribution  ratio  for  flow  rates  of  pressurized  oil  to  be 

supplied  to  the  respective  working  machines  according  to  said  calculated  angle  of  rotation  of  the 
bucket,  angle  of  rotation  of  the  arm  and  angle  of  rotation  of  the  boom,  and  for  calculating  commands  for 
flow  rates  for  the  respective  working  machines  by  distributing  the  total  flow  rate  of  the  pressurized  oil  to 

40  be  supplied  to  the  working  machines  in  the  distribution  ratio  obtained  ; 
fourth  arithmetic  means  for  varying  the  sum  of  the  commands  for  flow  rates  for  the  respective 

working  machines  calculated  by  said  third  arithmetic  means  in  accordance  with  a  value  detected  by  the 
tread  angle  detection  means  while  maintaining  the  distribution  ratio;  and 

a  driving  system  for  driving  the  bucket,  arm  and  boom  according  to  the  commands  for  flow  rates 
45  output  from  the  said  fourth  arithmetic  means. 

19.  An  apparatus  for  controlling  working  machines  of  a  power  shovel  according  to  Claim  18,  wherein  said 
operation  pedal  is  configured  so  that  tread  force  which  is  larger  than  the  tread  force  up  to  a 
predetermined  angle  is  needed  when  the  tread  angle  reaches  the  predetermined  angle  or  more,  and 

50  wherein  said  fourth  arithmetic  means  forcibly  stops  automatic  excavation  when  the  value  detected  by 
said  tread  angle  detection  means  exceeds  the  predetermined  angle  during  automatic  excavation. 

20.  An  apparatus  for  controlling  working  machines  of  a  power  shovel  for  previously  setting  a  reference 
locus  of  movement  of  a  front  edge  of  a  bucket  approximated  by  a  plurality  of  points  and  respective 

55  postures  of  the  bucket  when  the  front  edge  of  the  bucket  is  situated  at  the  plurality  of  points,  and 
having  an  automatic  excavation  mode  for  automatically  driving  the  bucket,  an  arm  and  a  boom  so  that 
the  front  edge  of  the  bucket  moves  along  the  plurality  of  points  from  an  assigned  position  to  start 
excavation  and  the  bucket  has  the  postures  set  at  the  plurality  of  points  when  an  automatic  mode  has 
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been  selected  and  a  horizontal  mode  for  the  bucket  for  horizontally  holding  the  bucket  in  accordance 
with  manual  commands  for  the  arm  and  boom  when  said  automatic  excavation  has  ended,  characterzed 
in  that  it  comprises: 

an  operation  pedal  constituted  so  that  tread  force  which  is  larger  than  the  tread  force  until  a 
5  predetermined  angle  is  needed  when  a  tread  angle  reaches  the  predetermined  angle  or  more,  and  for 

selecting  an  automatic  mode  and  assigning  a  moment  to  start  excavation  when  the  tread  angle  is  less 
than  the  predetermined  angle; 

storage  means  for  storing  the  angle  of  the  arm  and  the  angle  of  the  boom  at  the  proper  moment 
when  said  operation  pedal  has  been  trodden  by  said  predetermined  angle  or  more,  when  the  bucket 

io  was  rotated  toward  the  side  of  discharged  earth  by  a  predetermined  amount  or  more  in  the  horizontal 
mode  for  the  bucket;  and 

means  for  automatically  moving  the  boom  and  arm  to  positions  corresponding  to  the  angle  of  the 
boom  and  the  angle  of  the  arm  stored  in  said  storage  means  in  a  state  of  horizontally  holding  the 
bucket  when  said  operation  pedal  is  trodden  in  the  horizontal  mode  for  the  bucket  at  the  moment  of  the 

is  next  or  later  automatic  mode. 

21.  An  apparatus  for  controlling  working  machines  of  a  power  shovel  for  previously  setting  a  reference 
locus  of  movement  of  a  front  edge  of  a  bucket  approximated  by  a  plurality  of  points  and  respective 
postures  of  the  bucket  when  the  front  edge  of  the  bucket  is  situated  at  the  plurality  of  points,  and  for 

20  automatically  driving  the  bucket,  an  arm  and  a  boom  in  units  of  respective  excavation  sections  divided 
by  the  plurality  of  points  so  that  the  front  edge  of  the  bucket  moves  along  the  plurality  of  points  from  an 
assigned  position  to  start  excavation  and  the  bucket  has  the  postures  set  at  the  plurality  of  points, 
characterized  in  that  it  comprises: 

load  detection  means  for  detecting  load;  and 
25  means  for  upwardly  driving  the  boom  until  a  detected  value  reaches  a  second  set  value  which  is 

smaller  than  a  first  set  value  when  the  value  detected  by  said  load  detection  means  becomes  the  first 
set  value  or  more  during  automatic  excavation,  and  for  resuming  automatic  excavation  for  remaining 
sections  making  the  position  of  the  front  edge  of  the  bucket  upwardly  driven  a  point  to  resume 
excavation. 

30 
22.  An  apparatus  for  controlling  working  machines  of  a  power  shovel  according  to  Claim  21  ,  wherein  said 

first  set  value  is  a  value  which  is  a  little  smaller  than  relief  pressure. 

23.  An  apparatus  for  controlling  working  machines  of  a  power  shovel  according  to  Claim  21  ,  wherein  said 
35  load  detection  means  detects  the  pump  pressure  of  the  working  machines. 

24.  An  apparatus  for  controlling  working  machines  of  a  power  shovel  according  to  Claim  21,  further 
including  means  for  adding  excavation  volume  from  the  start  of  excavation  to  a  predetermined  section 
and  excavation  volume  of  remaining  sections  when  automatic  excavation  has  ended  up  to  the 

40  predetermined  section  after  said  automatic  excavation  resumed,  for  subtracting  the  added  value  from 
excavation  volume  by  the  reference  locus  of  movement  when  the  boom  is  not  upwardly  driven,  and  for 
supplementing  a  section  for  performing  linear  excavation  for  the  volume  corresponding  to  the  sub- 
tracted  value  before  the  remaining  sections. 
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